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ATRACT 
A structural study of Cornbretum nigricans gum involving 
hydrolysis, Smith degradation and methylation analysis, revealed 
a branched /3 -1,6-linked backbone in which o( -1,4-linkages were 
also present. Glucuronic acid was present in end-groups, linked 
0L- 1 ,4- and/3_,6- to galactose. Galacturonic acid was present, 
linkedO- -1,2- to rhamnose. Arabinose was present as end-group 
and as /3  -1,3-linked chains. Rhamnose was present as 1,2-linked 
chains and is important structurally, providing branch points in 
the molecule. 
An investigation of three methylation techniques revealed 
that the Hakomori method caused degradation which obscured some 
structural features of Combreturn nigricans gum. The Haworth method 
of methylation with solid sodium hydroxide as base and dimethyl-
-sulphoxide as solvent, gave low yields of partially methylated 
products. The Haworth method of methylation in aqueous solution 
gave higher yields of more fully methylated products, but further 
investigation of Acacia seyal and Combretum nigricans gums showed 
that some degradation also takes place during this reaction. 
A light scattering study of some molecular weight fractions 
of Combretum nigricans gum yielded the molecular weights and radii 
of gyration of three fractions obtained by fractional precipitation. 
The results obtained indicated that the shape of the molecule was 
a coil slightly stiffened by branching. 
The use of proton magnetic resonance spectroscopy in the 
study of gum exudates was inspected. The proportion of rhaznnose 
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Exudate gums are complex acidic polysaccharides which are 
generally soluble or partially soluble in aqueous solution. The 
use of water soluble gums dates back thousands of years; the 
Egyptians used gums as paint thickeners and for embalming purposes. 
Today gums have many, varied uses in the food industry  as binding 
agents in cereal and meat products, and as emulsifiers and 
stabilizers in various oil-in-water emulsions. The highly viscous 
solutions which some gum species yield makes them useful for 
confectionery and encapsulation applications. They are used in 
many other industries, for example, in pharmaceuticals, cosmetics, 
photography and printing. Industrially they are useful for their 
thickening, adhesive, gelling, emulsifying and film-forming 
properties. 
The commercially important gums are gum Arabic, gum Karaya 
and gum Tragacanth; these gums are widely available and form 
highly viscous solutions 2 , Gum Arabic is the exudate of trees 
belonging to the genus Acacia, of which there are 900 known 
species. The best grade of this gum comes from Acacia senegal. 
Gum Karaya is the exudate of the Sterculia urens tree, Gum 
Tragacanth is the exudate of several species of Astragalus. 
Plants which produce commercial gums are usually shrubs 
or low growing trees. Harvesting is usually by hand picking by 
native workers. Gum formation is induced in the tree by tapping 3 . 
In the case of Acacia senegal the bark of the tree is broken, 
using a small axe to make wound of about 2-3 feet in length. 
The gum forms in the wound area in 3-8 weeks depending on the weather 
conditions. As the gum exudes it forms tears or droplets which 
become hard on exposure to the atmosphere. The gum is gathered in 
the dry season; during the rainy season no gum is formed. 
2. 
The reasons for gum exudation are unclear but several theories 
have been put foreward on this topic. 495 Gum is fonned spontaneously 
after mechanical injury of the tree, by removal of bark or of a 
branch, or after invasion by insects, bacteria or fungi. The gums 
appear to be produced by some protective mechanism in order to 
seal ofFthe injured portion from attack by organisms or to 
prevent moisture loss from the wound. The best gum producing 
trees are those growing in adverse conditions of high elevation, 
heat and lack of moisture. Healthy Acacia trees, grown in 
favourable conditions, do not give good yields of gum 3 . The 
origin of gum is also obscure. It has been suggested that it 
arises from starch granules present in the cells of the tree. 
These granules disappear and may be converted into guru which is 
exuded4 . However the enzyme systems required to change a 
polyglucan into a highly branched complex acidic polysaccharide, 
containing galactose, arabinose, itharunose, galacturonic acid, 
glucuronic acid and 4_-.L) 	acid would be so extremely 
complex as to be unlikely. It is reasonable to believe that gum 
exudates are formed by enzymatic polymerisation and not direct 
chemical polymerisation. It is possible that the acidic poly- 
saccharide has some kind of highly branched arabino-galactan as 
its precursor, to which is added rhazunose-, glucuronic acid-, 
galacturonic acid- and 4_Q_methylglucuroniC acic1-teininated side 
6 chains . This would explain why the arrangement of these units 
often appears to be haphazard. It is likely that the poly-
saccharides are synthesised by enzymes which cap put the units 
and linkages onto the precursor with no acceptor sites being 
7 favoured over others. It has been suggested that the gums may 
3. 
arise from a pathological condition of the tree and that the gums 
may be formed by micro—organisms or bacteria5 . However since the 
properties and structure of the gums produced appears to be 
independent of the type of wound inducing gum production 6 , there 
is no evidence to support this claim. There is no evidence as 
yet as to whether the gums are produced at the site of the injury 
or whether they are generated elsewhere in the plant and then 
transported to the site of exudation. 
All of the plant gums studied so far are complex, highly 
branched salts of complex polysaccharide acids, composed of 
hexose residues, uronic acid residues and pentose residues, 
which are joined together in a diverse manner to form very large 
molecules. Chemical analysis can be used in conjunction with 
botanical evidence to classify gum exuding plants 8. A great 
deal of analytical work has been done to obtain data to support 
chemical plant taxonomy, especially in the genus Acacia'° 1 1 
Some data has also been obtained for the genus Combretwn 12 . 
Each Acacia species produces a gum exudate that differs in 
composition and properties from all other Acacia species. 
Seasonal and geographical variations in the chemical compositions 
of these exudates do occur 13-15 although these variations are 
insignificant when compared with the extensive differences that 
exist between different species and especially between the 
different genera. The analytical parameters used to distinguish 
between different gums are ash content, nitrogen content, methoxy]-
content, specific rotation, intrinsic viscosity, molecular weight, 
equivalent weight and the ratios of sugars present after hydrolysis. 
It is possible to differentiate between genera by consideration of 
4. 
the monosaccharide units present in the gum. For example, Acacia 
gums tend to be composed ofa1actose, arabinose, rhainnose, 
glucuronic acid and 472-.methylglucuronic acid, while in addition 
Combretum gums contain galacturonic acid and may also contain 
,çylose and mannose. 
Structural analyses 
16  of gums are generally useful for academic 
purposes only, although they may throw some light on the physical 
'properties of the gums in solution. Section III of this thesis 
contains a preliminary structural analysis of Combretum nigricans 
gum. The first step in a structural study is the determination of 
the nature of the sugars formed on hydrolysis. The solution of 
a structural problem in polysaccharide chemistry requires for 
each sugar residue a knowledge of its ring size, the positions 
through which it may be joined to other sugar residues, the 
anomeric configuration of the glycosidic linkage and a determination 
of the sequence in which the sugar residues are arranged. The ring 
size of sugar units in a polysaccharide, and the connecting linkage 
positions, can often be established by methylation analysis '7 . 
Nethylation requires that all the free hydroxyl groups in a 
polysaccharide should be etherified. Methanolysis, with methanol 
containing dry hydrogen chloride, to the corresponding methyl 
glycosides, gives compounds in which the newly exposed hydroxyl 
groups indicate the site of attachment to other sugar residues 
in the methylated polysaccharide. The mixtures of methyl glycosides 
18 
thus formed may be separated by gas—liquid chromatography • The 
quantitative separation of complex mixtures of methylated sugars 
may present considerable experimental difficulties, and in 
many cases the complete resolution of all the components is not 
5. 
possible. The procedure is also limited by the practical problem 
of achieving complete methylation of the polysaccharide and by 
the fact that a small degree of demethylation may accompany 
hydrolysis. There are several methods which may be used to 
methylate gums. Section IV of this thesis contains a review 
of these methods and also examines the application of three of 
them to Coinbretum niricns gum. Section IV also contains an 
investigation into the degradation which occurs during one of 
the methylation reactions. 
Fragments of molecular weight lower than the parent gum may 
be isolated if the hydrolysis of a polysaccharide is arrested 
before its completion. The mixtures of mono-, di- and higher 
oligosaccharideS thus formed may be fractionated by a variety of 
chromatographic procedures. The determination of the structures 
of the oligosaccharides will provide evidence for the sequences 
in which the sugar residues are linked, for the type of linkage 
between them and for the configuration of the glycosidic bonds. 
Many polysaccharides contain different glycosidic linkages which 
are hydrolysed at different rates, and some degree of selective 
hydrolysis may be achieved. For example, terminal, non-reducing 
arabinose residues may be cleaved by heating with very dilute 
mineral acid. Under these conditions interior glycosidic linkages 
tend to be stable and an arabinose-free polysaccharide of less 
complex structure may be obtained. Glycosiduroflic acid linkages 
survive conditions of hydrolysis which otherwise cause complete 
breakdown to monosaccharides. Thus acidic disaccharides, in 
which uronic acids are glycosidically linked to neutral sugars, 
are obtained. These aldobiuroniC acids are readily isolated 
6. 
from the partial hydrolysis of acidic polysaccharides. Different 
degraded forms of gum may also be obtained by consecutive Smith 
degradations. 
A complete description of a polysaccharide involves an estimation 
of molecular size 19 . This may be obtained by the light scattering 
technique. This method also provides information about molecular 
shape, when the observed solution properties are interpreted in 
terms of molecular models. Section V of this thesis contains a 
light scattering study on molecular weight fractions of Combretum 
ngricans gum, yielding the molecular weights of the fractions 
and an indication of the shape of the molecules in solution. 
Proton magnetic resonance spectroscopy is becoming widely 
used for the determination of aspects of molecular conformation 
in mono—, oligo— and polysaccharides. As yet this technique has 
not been applied to the analysis of gum exudates. Section VI of 
this thesis reports some preliminary results from the application 
of this technique to the analysis and structural elucidation of 
gum exudates. 
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SECTION II 
EXPERII ,gNTAL METHODS 
11.1. GENERAL METHODS. 
Weighings. All accurate weighings were made within the range 
of the graticule scale (range, 0-100mg) of a Stanton Unimatic 
Model C.L.I. single pan balance, having an accuracy of + O•lmg. 
Dialysis of polysaccharides, to remove low molecular weight 
material, was carried out in cellophane tubing (Kalle 
Aktiengesellschaft, Wiesbaden) against running tap water for 
48-72 hours unless otherwise stated. 
Electrodialysis of polysaccharides was carried out in a three 
compartment perspex cell fitted with cellophane membranes. The 
water in the outer electrode compartments was changed regularly 
to prevent overheating. Electrodialysis was continued until a 
current (applied voltage = 300v) ceased to flow. 
Reductions in volume were carried out on a rotary evaporator 
at temperatures below 40 °C. 
Moisture contents were determined by heating to constant 
weight at 105°C. 
Ash contents were determined by heating to constant weight 
in a muffle furnace at 550°C. 
Caroon, tydrogen and nitrogen contents were determined with 
a Perkin-Elmer 240 Elemental Analyser. 
Methoxyl contents were determined by a vapour-phase infrared 
method 1F2  a calibration curve was based on known weights of 
methyl iodide. 
Equivalent weight determinations, on exhaustively electro-
-dialysed polysaccharides, were carried out by direct titration 
with standard sodium hydroxide solution (ca. o.om). 
9 . 
Uronic acid contents were calculated from the equivalent 
weights as (17600/E.w.) ie:- Values for uronic acid are expressed 
as the anhydride. 
quantitative estimate of sugars. Sugars were separated by 
chromatography on Whatnian No. 3I papers. After elution from the 
paper, sugars were estimated colorimetrically by the phenol-
-sulphuric acid method 3 . The optical density was read on a 
Unicazn SP 1300 spectrophotometer using filter 2. Calibration 
curves were drawn for known weights of sugars. 
11.2. PHYSICAL METHODS 
Specific rotations of aqueous and chloroform solutions were 
measured with the sodium D-.line, with a Perkin-Elmer Model 141 
polarlineter at 20 + 2°C. 
Viscosity determinations were carried out in N-sodium chloride 
solution in an tTbbelohde suspended-level dilution viscometer at 
25 1 0.1 0C. A sample of the gum (100-200 mg) was dissolved in 
sodium chloride solution (1M; 10 cm 3 ). The solution was filtered 
carefully to remove dust. The isolonic dilution technique was 
used; the gum solution (6 cm 3 ) was placed in the viscometer and 
the flow time was measured. Flow times were also obtained for 
successive dilutions with sodium chloride solution (1N; four 
additions of 2 cm3 each). Flow times were measured to within 
0.1 sec by means of a stop watch. 
Assuming the densities of sodium chloride and gum solutions 
to be equal for low concentrations of gum, the viscosity number 





c-0 	 c-0 ct0 
where c is the concentration of gum (g/cm 3 ) and t and to are the 
flow times (see) for solvent and solution respectively. 
Extrapolation of the linear plot of t—t0 against c to c = 0 
ct0 
gives 
Measurement of the refractive index increment dn/dc • The 
refractive index of gum solutions was measured by Abbe refractometer 4 . 
The gum (600-800 mg) was dissolved in sodium chloride solution 
(iN; 10 cm3 ). The solution was filtered carefully to remove dust. 
The refractive index of this solution was measured. Six dilutions 
of this solution were made using filtered sodium chloride solution 
(iN), and the refractive indices were measured. The gradient of 
the plot of refractive index against concentration gave the 
refractive index increment, [dn/dc] 
4ht scattering measurmentS. Experimentally the quantity 
determined in light scattering is the Rayleigh ratio, R 6, which 
is expressed as 
2 7r 2 02 dn/d.cJ cM 	 - - - 
(i) 
= 	NA4 	 - 
This gives 
Kc/R6 	= -4--i. 2Bc 	 ____(2) 
where n0  = refractive index of the solvent. 
dn/dc = refractive index increment of the solution. 
ii. 
c = concentration in &1cm 3 
N = molecular weight. 
N = Avoga1ro's number. 
,\ = wavelength of the incident light. 
B = the second virial coefficient from light scattering 
(also known as the interaction coefficient). 
Measurements of Re  were carried out at 28 °C with a Sofica 
photogoniodiffusoineter Model 4200. Unpolarised green light 
(546 run) was selected from a mercury lamp spectrum with a Wratten 
Kodak N61 filter. The polysaccharides (100-.200 mg) were dissolved 
in sodium chloride solution (m) to suppress any ionic interactions 
between ionisable groups in the molecule. The solutions were accuratë].y 
made up to 50 cm  in standard flasks. The solutions were clarified 
and made dust free by passage through filters of average pore size 
0.80p.m (Millipore Ltd., Bedford, Mass., U.S.A.) and then through 
filters of average pore size 0.22/Am. Measurements were made at 
angles between 45 and 142.5 degrees. Similar measurements were 
made for dilutions of the original solution. Dilutions were made 
with filtered sodium chloride solution (N). Measurements were 
also made of the sodium chloride solution alone, to obtain solvent 
correction factors. Thus 
Re = (I - INaC1) ° 
where 10 	= intensity of scattering of the solution at angle e. 
= intensity of scattering of the solvent at angle 8. 
Sin e 	= 	correction factor to allow 
i+c s e 
for the fact that the light 
used is unpolarised.. 
12. 
Some allowance must be made to allow for the fact that measurmenta 
were made with the sample cell vrersed in a thermostatted bath of 
toluene. This is done by adjusting equation (1) to give 5 
2,-r2 fl [cinJd c] 2  cM.IB 
Re = 	 N>4R 
where R = Rayleigh constant of standard benzene* = 16.3 x 10_6 
6 
for 546 rm 
'B = intensity diffused, selected for standard benzene* 
= 0.5 
(*values for benzene are taken since accurate values are not 
available for toluene.) 
For the examples considered here 
no 	= 1.340 (for iN sodium chloride) 
dn/dc = 0.106 
N 	= 6.023 x 10 23 
A 	= 5.46 x 1075cm 
Thus K = 2.30 x 10 in equation (2). 
Scattering for a real solution of large molecules depends on both 
the angle and the solute concentration. Thus Re must be measured 
as a function of both variables. The Zlmm plot method 7 allows 
both these extrapolations to be made on the same graph. The 
double extrapolation procedure is employed by plotting Kc/Re 
against sin  9/2 + kc (where k is a constant chosen to give a 
convenient spread of data) and extrapolating to zero angle and 
zero concentration. The value (Kc/R 9) 0, 	is equal to the 
reciprocal of the molecular weight. The slope of the zero angle 
line gives the interaction constant, B, and the ratio of the 
.1k. 
initial slope of the zero concentration line to tne intercept 
defines the radius of gyration, r 9 
	






This gives, initial slope 	= 3.159 r x 10 
intercept 
For a sphere 
For a rod 
For a coil 
= 	3D2/20 





r 16 = 
g 
where D is the diameter of a sphere, L is the length of a rod and 
r is the end to end length of a coil. 
It is better to extrapolate lines of constant angle to zero 
concentration, before extrapolating lines of constant concentration 
to zero angle, because of the uncertainty of the lower angles. 
Rapidly increasing curvature at lower angles indicates the presence 
of high molecular weight components, polyd.ispersity or dust. 
Infrared spectroscopy was carried out with a Huger-Watts 
H-1200  double beam grating spectrophotometer. 
Ultracentrifugation was carried out with a Beckman-SpinCo 
Model E Analytical Ultracentrifuge. Polysaccharide solutions 
(0.5910 in 0.5M sodium chloride solution) were exaøttned at 
44,000 r.p.m. After the ultracentrifuge had attained this speed, 
the boundi patterns, obtained by Sclieren optical system, were 
photographed at 16 9 8 or 4 minute intervals. 
Mass Spectrometry. Mass spectra of methyl ester methyl 
glycosides of metnylated aldobiuronic acids were obtained with a 
MS 902 Mass Spectrometer (A.E.I., Manchester), at an ionising 
14. 
potential of 70 eV. The temperature of the ionising chamber was 
100-140 0C. The speclam obtained were examined for the presence of 
peaks or peak ratios which are characteristic of certain linkages 
or indicate which uronic acid is present. 
Fragmentation proceeds independently on each unit of the 
biuronic acid9 . Cleavage of the glycosidic bond between the 
acid and the neutral moeity gives rise to ions of the A10series, 
(Fig. 1.). Regardless of the configuration at C.-1 in the uronic 
part of the compounds, the abundance ratio a 2, : ak is less 
than •1 when the acid part is galacturonic acid, and is greater 
than 1 when the acid part is glucuronic acid. Similar ions 
(bA1 and bA2) are formed from the neutral fra gment of the compound. 
The mass values obtained for these indicate t ther the neutral 
fragment is a hexose, pentose or deoxysugar. (. bA 1 = 219 for 
galactose, 175  for arabinose and 189 for rhaimiose.) The molecular 
weight of the methylated aldobiuronic acid may be obtained from: 
N = a&1 + bA1 + 16 
Ions of the ii series (baB 1 ) are formed only from aldobiuronic 
acids having (1_2) and (1-4) linkages (Pig. 2.). This decays 
further to give an ion at M/e 319 (baF 1 ). (Fig. 2.) Compounds 
containing a (1-4) glycosid.ic link also give ions at N/e 161. 
(Fig. 2.) Series D is characteristic of (1-6) linkages, and is 
represented by ions baD. 1 at 11/e 367. (Fig. 3.) Series F, G and 
U afford the most abundant peaks. Fig. 4.) In compounds containing 
glucuronic acid We 101 : 88 is greater than 1. In compounds 
containing galacturonic acid this ratio is less than 1. 
15. 
11.2. YIGUILE 1. 
Cleavage of 6 - 0 - (13- D - glucoranosyluronic acid) - 
— D - galactose to give ions of the A series. 
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16. 
11.2. FIGURE 2. 
Ions produced by compounds containing a (1-4) link using 
4 - 0 - (c(_. 3) - glucopyranosyluronic acid) - 3) - galactose 
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11,2, FIGURE 3. 
D series ions produced from compounds containing a (1-6) 
link using 6 - U - ( - D - glucopyranosyluronic acid) - 
- D - galactose as an example. 
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18. 
11.2. FIGURE 4. 
Series F and H ions, using glucuronic acid, as an example. 
OC iAs 
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19. 
Proton n,m,r, spoctroscopi. N.m.r, spectra were carried out 
at 100 MHz with a Varian XL - 100 n.ra.r. spectrometer equipped 
with Fourier Transform facilities. Samples of gum (5 -10 mg) 
were dissolved in deuterium oxide (1 	The spectrometer 
was field—frequency locked to the deuterium in the D 2  0 solvent. 
An inversion recovery sequence method, 11 ' 12which eliminates the 
residual EDO signal, was used to obtain the spectra. 
11.3. CHEMICAL MH0DS 
Small scale polysaccharide hydrolyses were carried out with 
sulphuric acid (0.5N) for 8 hours, unless otherwise stated. 
These conditions do not cause hydrolysis of uronosyl linkages in 
polysaccharide gums, 13 and this was taken into account when 
determining sugar ratios. Hydrolysates were neutralised with 
barium carbonate, filtered, deionized with Amberlite IR.-120 (H) 
resin, and concentrated on a rotary evaporator. 
Small scale polysaccharide methylations were carried out 
using a modification of the Haworth method 9 14 followed by the 
pu.rdie and Irvine method15 . 
The modified Haworth method: Polysaccharide samples were dissolved 
in water (100-500 mg in 10 cm 3 ). Solutions were placed in a 
three—necked flask (250 cm3), fitted with a water—cooled condenser 
In the middle neck. Nitrogen was introduced through a rubber 
septum in one neck. The remaining neck was stoppered, and reagents 
were added through this neck. The solution was stirred throughout 
(magnetic stirring bar) and the whole flask was cooled on an ice 
bath. Sodium hydroxide solution (30% w/v; 15 cm3) and dimeth4- 
-sulphate (11 cm3 ) was added, and the mixture stirred for 24 hours. 
20. 
The mixture was then neutralised by the addition of sodium 
hydroxide solution and was dialysed against running tap water 
for 24 hours. This removes any salts formed during the reaction 
which could cause the equilibrium position of the rection to be 
unfavourable to products. The dialysed solution was returned 
to the flask, sodium hydroxide solution (15 cm3 ) and dimethyl-
-sulphate (ii cm) was added and the mixture stirred for 24 hours 
as before. The solution was neutralised with sodium hydroxide 
solution, dialysed for 2 days and freeze dried to yield the 
partially methylated product. 
The Pu.rdie and Irvine method: The partially methylated poly-
-saccharide (100-400 rag) was dissolved in methanol (5 em 3) and 
methyl iodide (lo cm3 ). Silver oxide (1 g) was added in four 
batches of approximately 250 mg every 1.5 hours. The mixture 
was refluxed for six hours in darkness in a dry flask fitted 
with a water condenser and a calcium chloride tube. The mixture 
was cooled and filtered through sintered glass and the residue 
extracted six times with hot chlorofom (50 cm3 ). The combined 
filtrate and extracts were reduced in volume and any dissolved 
silver ions were removed by passing hydrogen sulphide through 
the solution and refiltering. After concentration to a small 
volume, the syrup was poured into light petroleum (b.p. 60 0 - 80° ; 
400 cm3 ) with stirring. After filtration and drying, the 
precipitated, methylated polysaccharide was isolated as a white 
amorphous powder. 
Small scale oligosaccharide methyiations617 The oligosaccharide 
(0.5 - 2 mg) was shaken with methyl iodide (0.2 cm 3 ), N,—dimethyl-
-formamide (0.2 cm3 ) and silver oxide (0.2 g) at room temperature 
21. 
in darkness for 18 hours. The mixture was filtered and the residue 
washed with chloroform. The combined filtrate and washings were 
concentrated to a syrup on a rotary evaporator. 
Ilethanolysis were carried out under reflux for six hours with 
methanolic 5% hydrogen chloride. Solutions were cooled and were 
taken to dryness in a vacuum desiccator filled with calcium chloride 
and containing a few pellets of potassium hydroxide. The residue 
was taken up in chloroform and concentrated to a small volume. 
Periodate oxidations of polysaccharides were carried out in 
the dark at room temperature. 
Consumption of periodate: The amount of periodate consumed by a 
polysaccharide was estimated by back-titration of excess periodate. 
Excess potaLum iodide was added to a portion (1 cm 3 ) of the 
periodate solution, and the iodine liberated was titrated, after 
the addition of sodium bicarbonate (200 mg), with standard sodium 
arsenite solution (approx. 0.05N) and Thyodene as indicator18 . 
The formic acid released was estimated titrimetricalj.,y19 with 
standard sodium hydroxide (approx. o.1N) for portions (1 cm) 
of the solution. Methyl red was used as indicator. 
11.4. CHROMATOGRAPHIC MiD i1TIOPH0RiTIC SARATICi'S 
Paper chromatography of sugars was carried out on 4hathan 
No. 1 papers with the following solvent systems (v/v): 
ethyl acetate, acetic acid, formic acid, water (18 : 3 : 1 : 4) 
benzene, butan-1-ol, pyridine, water 0 : 5 : 3 : 3 ; upper layer) 
ethanol, phosphoric acid (0.1N), butan-1--ol (10 : 5 : 1)20 
butan-1-ol, ethanol, water (4 : 1 : 5; upper layer) 
butan-2-one, water, ammonia (d. 0.88) (200 : if : 1) 
22. 
Before using solvent (c), papers were dipped in 0•314 - sodium 
dihydrogen ortho phosphate solution and air-dried. Sugars were 
detected by spraying chromatograms with a saturated solution of 
aniline oxalate in ethanol, water (1 : 1; v/v), then heating at 
1500C for 3 minutes. 
Gas liquid partition chromatography (g.i,) of mixtures of 
O - methyl sugars was carried out with a Pye 104 Chromatograph 
at nitrogen flow rates of 25 ml/min. This instrument was fitted 
with a flame ionisation detector. The column used was 15% by 
weight of polyethylene glycol adipate on Universal B (Phase.-sep) 
at 170°C. 
Thin-layer electrophoresis of polysaccharides was carried out 
on Phoroslides (Millipore Ltd) with 0.05M_ammonium -carbOnate 
buffer (pH 8.9) and 0.05M-borate buffer (pH 9.2) as electrolyte. 
The slides (7.5 x 2.5 cm) were immersed in buffer, blotted to 
remove excess moisture and placed in a 'Phoroslide' cell connected 
to a Vokram Power Unit. Polysaccharide solutions (1% in buffer) 
were applied, from a micropipette, as thin bands 2 cm from the 
cathode end of the strip. Electrophoresis was carried out , 
at field strengths of 26 volts/cm along the strip, for 10 minutes. 
Polysaccharide bands were located by the periodate rosaniline 
hydrochloride technique 21 
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SECTION III 
ANALYTICAL AND STRUCTURAL FEATURIiS OF THE GUN 
EM=i FROM COIBRTUN NIGRICANS 
24. 
III • 1. 	INTRODUCTION 
Relatively little is bmown about the chemical taxonomy of gums 
from the Com'oretum genus. Only three structural investigations have 
been carried out to date. An investigation into the structure of the 
gum from C ombretum leonense was carried out by Aspinall and -iavanandaxi1 2 
Hydrolysis studies showed the neutral fragments to be 3 - 0 - /3 - L - 
- arabinopyranosyl - L - arabinose, 6 - 0- - D - galactopyranosyl - 
- D - galactose, 4 - 0 —/3 - D - galactopyranoSyl - D - galactose and 
3 - 0 _/3 - D - galactopyranosyl - L - arabinose. The aldobiuronic 
acids isolated were found to be 6 - 0 - (( 3 - D - glucopyranosyluronic 
acid) - D - galactose and 2 - 0 - ( 0(- - galactopyranosyluroflic 
acid) - L - rhaxnnose. 
Preliminary structural studies were made by Bell on Com'bretum 
erythrophyllum3  and. Combretum hartmannianum4 . Neutral fragments 
detected in C. hartmanniaflum were 3 - 0 - (3 - L - arabinopyranosyl - 
- L -arabinose and 6 - 0 	D - galactopyranoSyl - D - galactose. 
The aldobiuronic acids present were 6 - 0 - ( f - D - glucopyranosyl-
-uronic acid) - D.- galactose and a component wnich was possibly 
composed of mannose and galacturonic acid. C. erythrophyllUfll was 
found to contain a complex mixture of neutral fragments, amongst 
which 6 - 0 - /3 - D - galactopyraflosyl - D - galactose and 3 - 0 - 
L - arabinofuranosyl - L - arabinose were detected. The 
aldobiuronic acids identified were 6 - 0 - (/3 - D - glucopyranosyl- 
uronic acid) - D - galactose and 2 - 0 - ( o(. - D - galactopyrariOSYl- 
_uronic acid.) - L - rhamnose. 
In all three studies the gum structure was found to be very 
complex. This complexity extended right through to degraded products 
of low molecular weights. The main structural feature common to all 
2R 
-I. 
Combretuni gums s*udied so far is that they are composed mainly of a 
backbone of 1,6 - linked galactose residues. All three gum exudates 
contained large amounts of peripheral arabinose. In C. hartmannjanum 
all the uronic acid occurs as end group, as do the rhamnose residues. 
In C. erythrophyllum and C. leonense the uronic acid residues are 
mainly intra—chain and the r'namnose residues occur deep within the 
polysaccharide structure or in rhainnose side chains. 
In the present study, structural features of Combreturn nigricans 
are investigated on the basis of hydrolysis, a Smith degradation and 
methylatjon studies. The information thus obtained is compared with 
that already found for C • hartrnannjanum, C. eIythrop}1lum and 
C. leonense in order to provide a more extensive picture of structure 
types within the Combretu.m genus. 
111.2. 	ORIGIN AND PURIFICATION OF SAMPLE 
Gum from Cornbretum niricans Lepr. ex. Guill. et Perr. var. 
elliotil (Engi. and Diels) Aubiv, in the form of very dark nodules, 
was collected in 1 955 by Mr. Oserni, Botanist at Western Region 
Department of Forestry, Ibad4n, and placed at our disposal by 
(the late) Professor R.J. Ncllroy, 
Crude gum (120 g) was stirred in distilled water (2 1). 
After two days solubilisation was incomplete. The GUM solution 
was decanted off and more water (1 1) was added to the undissolved 
gum. After two days a large amount of insoluble gum remained. 
The solution containing soluble gum was decanted off and combined 
with the first solution. The decanted solutions were filtered 
through Whatnia.n No. 41 and then No. 1 filter papers, and dialysed 
for two days against running tap water. The total gum solution  
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was concentrated to 2 1, filtered, and pure gum obtained as the 
freeze-dried product (20.9 g; yield 1 7 .4%). 
Water (i 1) was added to the insoluble portion and a small 
amount of sodium borohydride 5 was added to facilitate dissolution. 
After two days solubilisation was complete. The solution was filtered 
through Whatma.n No. 41 and then through No. 1 filter papers and 
dialysed for four days against running tap water. The gum solution 
was then filtered and the pure gum obtained as the freeze-dried 
product (74.5 g; yield 62.1%) (total yield of gum 79.5%). 
A small portion of the water soluble crude gum solution was 
dialysed against distilled water (i i) for 1 day. The dia.Lysate 
was concentrated and chromatographed in solvents (a) and (b). 
The dialysate contained a considerable amount of arabinose and other 
trace components at R 	 0.36 (a), 0.87 (a)(pink spot) and 1.17 ça)gal 
(pink spot). This indicates that simple sugars and small oligo-
-saccharides are associated with the gum polysaccharide molecules; 
possibly arising from autohydrolysis of the gum or from polysaccharide 
molecules in the initial stages of formation6 . 
111.3. 	ANALYTICAL DATA 
nalytical data were obtained for the soluble and solubilized 
portion of the gum to ascertain whether sodium borohydricle 
solubilization had drastically affected the gum, and to determine 
if the two samples were analytically similar. The analytical data 
for the two samples are shown in table 1. 
Solubilization of the gum with sodium borohydride does not 
appear to change the analytical features of the gum to any great 
extent. The two samples of the gum are very similar, differing 
27, 
Table 1. 
ANALYTICAL DATA FOR SOLUBLE (A) AD INSOLUBLE (B) 
PORTIONS OF CONBRFJrU NIGRICAiS GUM. 
A B 
Recovery from exude gum, % 17.4 62.1 
Moisture, % 8.8 13.4 
Ash, 2.6 2.6 
Nitrogen, 0.1 0.03 
Hence, protein, %(N x 6.25)a 0.62 0.19 
Cd-3 D in distilled water, (degrees)b - 42 - 45 
Methoxyl content, 0.32 0•54 
Intrinsic viscosity,[] , ml/n 39 54 
Molecular weight, (MW x 105)a 9.4 9.6 
Equivalent weight  1225 1054 
Hence, uronic azthydrid, 14'4 17.7 
Carbon, 43.4 44.2 
Sugar composition after 
hydrolysis  
4 - 0 - methylglucuroni.c acid 2 3 
Glucuronic acid. 8 8 
Galacturonic acid 5 6 
Galactose 36 41 
Arabinose 45 38 
Rhamnose 4 4 
a 	corrected for moisture content. 
b 	corrected for moisture and protein content. 
c 	if all acidity arises from uronic acid. 
d 	if all methoxyl groups are located in this acid. 
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only in viscosity, where the solubilized portion is more viscous, 
and in equivalent weight, where the solubilized portion is slightly 
more acidic than the soluble portion. The amount of arabinose in 
the solubilized portion is less than in the soluble portion, thus 
it is possible that solubilization does remove the more labile 
arabinose units from the outer extremities of the gum, but this is 
unlikely to change the fundowntal chain structure. 
Ultracentrifugation of a mixture of the two samples gave 
one symmetrical, broad peak. The mixture migrated as a single 
band on thin-layer electrophoresis on Phoroslides in 0.05M- ammonium 
carbonate buffer and 0.05M-. borate buffer. Thus the purified gum 
from C. nigricans shows no distinct heterogeneity. No distinction 
is made between the two samples of gum in the following structural 
study. 
111.4. 	IDENTIFICATION OF NEUTRAL SUGARS 
Combreturn nigrians gum (5 g) was hydrolysed with iN- sulphuric 
acid (250 cm 3) for 8 hours on a boiling water bath. The cooled solution 
was neutralised with barium carbonate, filtered, deionised on Amberlite 
IR - 120 resin and concentrated to a syrup. The syrup was applied to 
a Duolite A - 4 resin column (41 x 2.6 cm) in the formate form. 
Elution with distilled water (500 cm 3 ) yielded the neutral sugars 
present in the hyd.rolysate. After concentration of the neutral 
fraction to a syrup, chromatography in solvents (a) and (b) showed 
the presence of galactose, arabinose and rhaxnnose. Arabinose was 
the major constituent. No trace of xylose or mannose was found. 
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111.5. 	IDTIFICTIO OF TR ALDOBIURONIC ACIDS 
Elution of the Duolite A - 4 column with 55'0' formic acid (500 cm 3 ) 
yielded the acidic fraction of the hydrolysate. This acidic fraction 
was concentrated to a syrup and chromatography carried out in solvents 
(a), (b) and (c). Trace amounts of galactose and arabinose, two 
major spots (R gal0.28; brown spot; Rgai 0.87; yellow spot; solvent 
¼a)), and a trace spot at R 	 0.47 (pink spot; solvent (a)) were
gal 
detected. Solvent (c) also showed the presence of small amounts of 
galacturonic and glucuronic acids and glucurono - 6,3 - lactone. 
These may have arisen from cleavage of a few uronosyl linkages. 
Chromatography was carried out on Whatman 311I papers in solvent 
(a); side strips were cut and the two major acidic fractions eluted 
as in sugar ratio determinations. After elution, each fraction was 
concentrated to a syrup, and the purity of each was checked by 
chromatography in solvent (a). Then in each case the syrup was 
transferred to a dry tared 50 cm  round-bottom flask; the flask 
was reweighed to find ihe weight of aldobiuronic acid present. 
Distilled water (2 	was added to dissolve the acid and its 
specific rotation was determined. 
Fraction A had R 	 0.28 in solvent (a). After elution the (OLJDgal 
value was found to be 
440.  Chromatography in solvent (a) for 60 
hours showed two spots at R 	026 and 0.32. Hydrolysis in 2N- 
gal 
sulphuric. acid of a portion of these acids followed by chromatography 
in solvents (a) and (c) showed the presence of galactose and glucuronic 
acid. The mixture of components was eluted. from Whatman 3I papers 
which had been run for 60 hours in solvent (a). The component with 
R gal 
 0.26 was found to have a specific rotation of +22.6 0 . This 
suggests a fi- D - linkage. Chromatography in solvent (a) indicated 
30. 
some galactose impurity, which would account for the higher than 
expected ' J D value, since normally a /3 - D - linkage has an Lo(- D 
value of about zero. The syrup (8 mg) was methylated by the Kuhn 
method. Nethanolysis (2) was carried out for 1 hour. The mass 
spectrum of the methanolysate was run. A parent peak was formed at 
M/e 468., The acid involved was shown to be glucuronic acid since 
j) aA2 
 :aA is greater than 1 (aA2 = 201; aA. = 233) and ii) 
N/e 101 : 80 is greater than 1! The presence of a peak at M/e 367 
is diagnostic of a 1-6 link. Further methaolysis (5% .n 	) was carried 
out for 6 hours. Gl.c. examination of the methyl glycosides formed 
indicated the presence of 2,3,4 - tn - 0 - methyl - B - glucuronic 
acid (T2 .39, 3.00)9 293,5 - tn - 0 - methyl - D - galactose ( T4.12 9 
4.74) and 2,3,4 - tn - 0 - methyl - I) - galactose (T6.70). Also 
present was 2,3,4,6 - tetra - 0 - methyl - D - galactose from 
methylation of the galactose impurity. This indicates that the 
aldobiuronic acid is 6 - 0 - (3_ D - glucopyranosyluronic acid) - 
- D - galactose (lit. lue[.od D 
The component with R gal 0.3 2 
 was found to have a specific 
rotation of +59.30. The syrup (4.0  mg) was methylated by the Kuhn 
method. Nethanolysis (2%) was carried out for 1 hour and the mass 
spectrum was run. As in the previous component the acid present 
was shown to be glucuronic acid. The presence in tnis case of peaks 
at 1/e 394, 319 and 161 is diagnostic of a 1-4 link. Further methanolysis 
(5%) was carried out for 6 hours. G 1 l.c. examination of the methyl 
glycosides formed indicated the presence of 2,5,4 - tri 0 - methyl - 
- D - glucuronic acid. and 2,3,6 - tn - 0 - methyl - D - galactose 
(T2.64, 4.07). Also present was 2,3,4,6 - tetra - C - methyl - B - 
- galactose from methylation of a galactose impurity. This identifies 





the aldobiuronic acid as 4 - 0 - (oc - D - lucopyranosyluronic acid) - 
- - galactose 9 (lit. valueE] D = +67 0 ) 
Fraction B had R 	 0.87 in solvent (a). After elution thegal 
value was found to be +66 0 . Chromatography in solvent (b) for 28 
hours gave a spot at R 	 0.15 (yellow spot) and a component whichgal 
did not move from the origin. The acid was eluted from Whatinan 
3144  papers which had. been run in solvent (b) for 28 hours. The 
0 
specific rotation was found to be +83 . The syrup (10 mg) was 
methylated by the Kuhn method. Methanolysis (2%) was carried out 
for one hour and the mass spectrum was run. No parent peak was 
found in this case. The acid involved was shown to be galacturonic 
acid since i)N/e 101 : 86 was less than one and ii') a. 2 : aA 1 was 
less than one (a&2 = 201; aA 1 = 233). Several peaks eg. M/e 408, 
249 and 189 indicate the presence of a deor-sugar as the neutral 
component 10 , suggesting that rhainnose is contained in this acid. 
Hydrolysis of a portion of this acid in 211- sulphuric acid followed 
by chromatography in solvents (a) and (c) showed the presence of 
rhamnose and galacturonic acid, with traces of a galactose impurity. 
Further methanolysis (5%) was carried out for 6 hours. G.l.c. 
examination of the methyl glycosides formed indicated the presence 
of 293,4 - tn - 0 - methyl - D - galacturoniC acid (T5"0) and 
3,4 - di - 0 - methyl - L - rhamnose (T 0.66, 1.03). This indicates 
that the aldobiuronic acid is 2 - 0 - (c(- - D - galactopyranosylurofliC 
11 	 0 - 
acid) - L - rharnnose (lit. value= +88 ). 
Fraction C had R 	 0.47 in solvent (a). This component was notgal 
present in sufficient amount to allow its examination. However, 
since Combretum ninicans has a methoxyl content, this spot may 
be due to a galactose/4 - 0 - xaethylglucUrOflic acid aldobiuroniC acid. 
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111.6. 	PARTIAL ACID HYDROLYSIS OF C.NIGRICAS GUN 
Hydrolysis of the guru (100 mg) with 0'5N- sulphuric acid 
(10 cm3 ) for 1 hour on a boiling water bath, followed by neutralisation, 
doionisation, concentration to a syrup and chromatography in solvent 
(b), showed the presence of the disaccharides 6 - - - D - 
- galactopyranosyl D - galactose (major component; Rgal 027; 
brown spot) and 3 - 0 - - L - arabinopyranosyl - L - arabinose 
(H 1 0.80; pink spot). There was also a trace component at Rga.i  0.70 
(pink spot) which is possibly 3 -.2 - /3 - D - galactopyranosyl - 
- L - arabinose 12 . A component was also detected at Rga.i 0.57 
(pink spot), which from the colour of the spot, suggests that this is 
a biose containing a pentose as one of its components. This biose 
was eluted from dhatman 3NM papers run for 48 hours in solvent (b). 
The resulting syrup (14 mg) had.] D = +670 . Hydrolysis (IN) 
followed by chromatography in solvents (a) and(b) showed the presence 
of galactose and arabinose. The syrup (7 mg) was methylated by the 
Kuhn method. Nethanolysis (50%) was carried out for 6 hours and the 
resulting methyl glycosides were examined by g.l.c., showing the 
presence of 2,3,4 - tn - 0 - methyl - L - arabinose (T 0.92) as 
the major component, along with 2,3,4,6 - tetra - 0 - methyl - 
- D - galactose (T 1.64), 2,3,5 - tn - 0 - methyl - L - arabinose 
(T 0.52, 0.66) and 2,5 - di - 0 - methyl - L - arabinose (T 1.40). 
This implies that this component is a mixture of bioses possibly 
containing a galacto/arabirio.-biose and an arabino-biose. 
111.7. 	"PREPARATIC1 7 OF DE RADIT) GUN A 
Combreturn ninicans gum (10 g) was dissolved in 0O1N sulphuric 
acid. (500 Cm 3) and hydrolysed for 96 hours on a boiling water bath. 
33. 
At intervals, portions (5 cm3 ) were withdrawn and intrinsic viscosities 
determined (see Figure 1). After 30 hours a brown precipitate formed, 
probably due to denatured protein. 9 After 80 hours the intrinsic 
viscosity had dropped from 54cm31g to 5.2cn3/g. Chromatography in 	- 
solvent (a) was carried out on each of the portions withdrawn. 
After 7 hours considerable amounts of arabinose were detected. 
After 24 hours increasing amounts of a component at R 	'1.20 gal 
(pink spot) corresponding to 3 - 0 - - L - arabinofuranosyl - 
- L - arabinose, were detected along with trace amounts of galactose. 
The brown solution was concentrated, dialysed against distilled 
water (21) for 24 hours and then against running tap water for a 
further 48 hours, and freeze dried to give degraded gum A (3 g; 
yield 3o). 
The 24 hour dialysate was concentrated to a syrup and 
chromatographed in solvents (a) and (b). A large amount of arabinose 
was detected along with smaller amounts of galactose and rhamnose. 
Major components were'also observed at R 	 0.15 (solvent (a);gal 
brown spot); possibly a triose or higher oligosaccharide, Rga1  0.76 
(solvent (a); pink spot),chromatographically identical to 3 - 0 - 
_fl - L _arabinopyranosyl - L - arabinose, and R gal 1.20 (solvent 
(a); pink spot), chromatographically identical to 3 - 0 	- L - 
- arabinofuranosyl - L - arabinose. 
111.8. 	XINATICN OF DGRAD GU A. 
Analytical data for degraded gum A are given in Table 2. 
The low molecular weight was expected since extensive structural 
fragmentation was indicated by the oligosaccharides found in the 
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Table 2. 
AALYTICL DATA FOR DG:ADD GUM A. 
Moisture, % 2.2 
Ash, 5.8 




in water, (degrees )b +8 
D 
Molecular weight, (MW x 105 ) a 0.12 
Sugar composition after hydrolysisb 
4 - 0 - methylgiucuronic acid 2 
Glucuronic acid 13 
Galacturonic acid 22 
Galactose 50 
Arabinose 5 
Rhairinose * 7 
a corrected for moisture content. 
b corrected for moisture and protein content. 
c if all acidity arises from uronic acid. 
d if all methoxyl groups are located in this acid. 
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increased with respect to the gum itself as is expected since 0.01N 
hydrolysis does not break uronosyl linkages. 
Hydrolysis with iN sulphuric acid followed by chromatography 
in solvents (a) and (b) indicated that galactose was the major 
component. Ch:ometograthy in solvent (a) also revealed the presence 
of the three aldobiuronic acids found in the undegraded gum. 
Partial acid hydrolysis with 0u'5N sulphuric acid for 1 hour, 
followed by chromatography in solvents a) and (b), revealed one major 
component at R 	 0.27 (solvent ta)) and R 	 0.30 (solvent kb)'),gal 
which is chromatographically identical to 6 - 0 	- D - galacto- 
-pyranosyl - D - galactose. Also detected was a small amount of a 
component with R 	 0.70 (solvent (b)) which corresponds togal 
3 - 0 - - D - galactopyranosyl - L - arabinose. Trace amounts of 
the component at Rga  0.57 (solvent (b); pink spot) which was found 
in the hydrolysate of the whole gum, were also detected. 
Degraded gum A (496 mg) was methylated to give a product 
(486 mg) (found: 	= -8.2° ; OMe = 38%, not increased by further 
methylation). A portion of the product was methanolySed and the 
mixture of methyl glycosides examined by g.l.c. The methanolysate 
was then hydrolysed and the resulting syrup examined by paper 
chromatography in solvents (u) and (e). The 0 - methyl sugars 
identified are shown in Table 3. The major component identified 
was 2,3,4 - tn - 0 - methyl - D - galactose, with substantial amounts 
of 29394,6 - tetra - 0 - methyl - - galactose, 2096 - tn - 0 - 
- methyl - D - galactose, 2,3 - di - 0 - methyl - D - galactose, 
2 9 3,5 -tn - 0 - methyl - L - arabinose and 
2,3,4 - tn - 0 - methyl - 
- D - glucuronic acid. Also present was a significant amount of 
2,3 - di - 0 - methyl - D - galacturoflic acid. Chromatography of 
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Table 3. 
U - NETEYL SUGA} IDEN.IFI IN I HYLAT DRAuI) GUN A 
* 
Relative retention time Rafter hydrolysis 0 - methyl sugar. Rel.proos. - * 
(T) of methyl glycosides. 
- 031 	- 20..iie-D-gal - 
0.45 0.93 	1.02 2,3,A_tri-Q-Me---rh 0.2 
(0-68),1-03 0.36 	0.68 3 ,4-di--Me-L-rh 3.2 
3.51 0.62 	0.22 3_O-Ne-L-rh 4.6 
0.93 0.99 2,3,5_tri---Me--arc¼ 8.9 
0.83 0.77 2,5_di__Ne_L_arc4. 0.7 
0.83 0.77 3,5_di-O-e-L-arc. 0.9 
0.83 0.77 2,4_di-Q--Me-L-arA 1.7 
0.63 0.77 2,3 94,6_tetra-Me_D-g@ 9.6 
0•77 0.61 2,3,6-tri--Me-B-ga1 8.8 
0.77 0.42 2,3,4-tri--.Me-D-gal 23.6 
0.49 0.13 2 93-di--D-ga1 16-6 
- - 20,4-tri-.Q--Me-D-gluA 
- - 2,3-di--O--Ne-D-&.uA 
- - 2,5,4-tri.--4e-D-gaL 













' Figures in parenthesis indicate T values which are completely unresolved. 
As methyl ester methyl glycoside. 
-' 	Only very approximate due to incomplete resolution of the majority of 
the components. 




the hydrolysed- methanolysate also showed the presence of a substantial 
amount of 2 - 0 - methyl - D - galactose. 
111.9. 	PRPARATI0N OP DGRDE GUll B. 
preliminary small scale experiments indicated that a 0.2511 
sodium naetaperiodate solution and an oxidation time of 96 hours 
were required for oxidation of degraded gum A. 
Degraded gum A (1.7 g) was dissolved in water (42 era3 ) and 
0•51,1 sodium period-ate solution (42 cm3
) was added. Oxidation was 
carried out for 96 hours after which time 20.5 ra moles period-ate/ 
gramme polysaccharide had been reduced and 5.6 
m moles formic acid/ 
gramme polysaccharide had been released. Ethylene glycol (2 era 3 ) 
was added to stop the reaction and the solution was dialysed. for 
2 days. Sodium borohydrid.e (1 g) was added, the solution loft for 
30 hours, dialysed for 2 days and nade Vwith respect to sulphuric 
acid. The solution was hyd.rolysed. for 48 hours at room temperature, 
then dialysed for 2 days. Degraded gum B was isolated as the freeze 
dried product (0.05g; 3% yield.) 
Degraded gum B hadOJD = -27.50. 
Hydrolysis with iN sulphuric 
acid showed no trace of aldobiUroflic acids and gave the ratio 
galactose ; arabinose : rhamnose as 10 : 6 : 40. Thus rhamnose is 
the major component and must play an important part in the fundamental 
structure of the gum. 
Degraded gum B (40 rag) was methylated to give a product 
(22 mg; 550/6 yield). The methyl glycosides were examined by g.l.c. 
and are shown in Table 4. Large amounts of 3,4 
- di - 0 - methyl - 
- L - rhamnoSe and 293,6 - tn - 0 - methyl - D - galactose were 
detected. Hydrolysis of the raethanolYsate followed by chromatography 
39. 
Table 4. 
- METhYL SUGU D11"TULD IN MiEiYLLT DG?.àDi1) GUM B. 
Relative retention time li after hydrolysis. 0 - methyl sugars Rel. -Props 
- 
(T) of methytglycosides. 11 
- 0.31 - 2-0-Me-Q--gal - 
0.46 0.93 1.02 2,30-tri-0-Me-L-rh 6.2 
0.54 90.80 0•93 0.99 2,3,5tri_0-14e-L-arc.. 17.4 
0.68,1.02 0.86 0.68 3,4-di-04Me-L-rh 14.8 
3.60 0.62 0.22 3-2-Me-L-rh 4.9 
0.91 0.85 0.81 2.3,4_tri-0-Me-1,-ar 7.7 
2.18 9 1.18 0.83 0.77 3,5-di_O-Ne-L-arcx, 11.0 
1.84 0.85 0•77 2,4-di--Ne7L.-ar 5.6 
1.50 0.85 0.77 2,3,4,6-tetra---Me-D-ea1 4.7 
2.55,3.90 0.77 0.61 2,3,6-tri--Me-D-gal 23.2 
Only very approximate due to incomplete resolution of the majority 
of the components. 
40. 
in solvents (a) and (e) showed the presence of unmethylated rhannose 
and 2 - 0 - methyl - D - galactose in addition to the methyl g1ycod.es 
shown. This indicates severe undermothylation due to the fact that 
repeated motbylation was not possible on the small amount of product 
available. 
111.10. 	N}FLTI0N OF U0LL3RErUM NIGRIC!iS G12. 
C. nigricans gum (500 rug) was methylated to give a product 
(390 mg), (foundEfkj = -52.5; OMe = 39.4). The Q. - methyl - 
- sugars identified are shown in Table 5. Hydrolysis of the 
ruethanolysate followed by chromatography in solvents (d) and (e) 
showed the presence of fairly substantial amounts of 2 - 0 - 
- methyl - D - galactose in addition to the methyl glycosides 
shown. The major components identified. were 2,4 - di - 0 - methyl - 
- L - arabinose and 2,3,4,6 - tetra - 0 - methyl - D - galactose, 
with 2,3,4 - tn - 0- methyl - L - arabinose and 2,3 - di - - 
- methyl - D - galactose also present in large amounts. 
III.fl. 	FLRkTI0N OF 	 I. 
Preliminary, small scale experiments indicated that 0.125M 
sodium metaperiodate solution and an oxidation time of 96 hours 
was required for Combretum niiicans gum. 
Purified gum (36.9 g) was dissolved in water (922 cm 
3 ) and 
O025i1 sodium metapeniodate solution (922 cm3 ) was added. Oxidation 
was carried out in darkness at room temperature and the oxidation 
followed by measuring the release of formic acid with time, aliquots 
(i cm) of the solution were titrated with 0.0656II sodium hydroxide, 
using methyl red as indicator. After 96 hours 11.2 in moles peniodate/ 
41. 
Table 5. 
- :iiL SUGARS IDIiIi II 	iYLAT.0 	. hIGICA1:s GUI'I. 
Relative retention time 	B. after hydrolysis. 0 - methyl sucars. 	el.props. 
(T) of methyl 71ycosicLes. jj 
- 0.31 - 2-0-1-le-D-gal - 
0-44 0.93 1.02 2,3,4-tri-0-4,le-L-rh 2.6 
0.57(0.70) 0•93 0.99 2 ,3,5-tri-0-fle-L-.ara 12.0 
(0.70)1.00 0.86 0.68 3,4-di-0-Me-L-rh 8.0 
3-36 0.62 0.22 3-0-Me-L-rh 2.9 
0.91 0.85 0.81 2,3,4-tri-0-Ne-L-.ara 2.0 
1.14 9 2.30 0.83 0.77 3,5-di-0-Me-L_.ara 2.5 
1.43 0.83 0-80 2,5-di-0-4-le-L-ara 21 
1.57 0.83 0.77 2,3,4,6-tetra_.0-Me-.D-gal 18.7 
1.86 0.83 0.77 2,4-di-O-Me-.L-ara 17.9 
3.2093.660.86 0.77 0.61 2,3,6-tri-O-Me-D-gal 8.2 
6.38 0.72 0.41 2,3,4-tri--Me-D-ga1 2.9 
12.4194.64 9 17.50 0.49 0.13 2,3-di-0-Me-D-ga]. 9.4 
2.51 9 2.88 - - 2,3,4-tri-0-Me-D-g1uA 9.6** 
4.76 - 
- 2,3,4-tri-.0-Me-D-galA 2.0 
9.11 - - 2 93-di-O-Me-D-galA 2.k* 
8.11 - - 2.3-di-C) Me-D-glU.A 1 .0** 
* Figures in parenthesis indicate T values of components which are 
completely unresolved. 
** As methyl ester methyl glycoside. 
Ank Only very approximate due to incomplete resolution of the majority 
of the components. 
42. 
/gramme polysaccharide had been reduced and 1.8 m moles formic acid 
/gramme polysaccharide had been released. The reaction was stopped 
by the addition of ethylene glycol (20 cm. 3 ) and the solution was 
dialysed for 2 days. Sodium borohydride (13 g) was added and the 
mixture kept at room temperature for 30 hours; then dialysed for 
a further 2 days. The solution was then made iN with respect to 
sulphuric acid by the addition of 4N acid and the polyalcohol waa 
was hydrolysed at room temperature for 48 hours. A portion of this 
solution ('iO.1 of the total solution volume) was neutralised with 
barium carbonate, filtered, dialysed against distilled water (41) 
for 24 hours and against running tap water for 2 days, then mixed 
with the main portion of the solution which had been dialysed 
against running tap water for 3 days. Polysaccharide I was isolated 
as the freeze dried product (12.9 g; yield 355/r). 
The dialysate obtained after the hydrolysis stage in the 
preparation was concentrated, cieionised with amberlite IR-120 
resin and concentrated to a syrup. Paper chromatography in solvent 
(a) indicated the presence of large amounts of arabinose (R 0.15) 
(pink spot), glycerol (Rf 0.34; brown spot) and smaller amounts of 
threitol (Rf 0.29; yellow/brown spot). 
111.12. 	AMINATI0N OF POLYSACCIIH.1 1=2 I. 
Analytical parameters of polysaccharide I are given in Table 6. 
Hydrolysis (iN) followed by chromatography in solvents (a) and (b) 
showed galactose to be the major component. Chromatography in 
solvent (a) also revealed the three aldobiuronic acids found in 
the undegraded gum. Partial acid hydrolysis of polysaccharide I 
with 0.5N sulphuric acid followed by chromatography in solvents 
45. 
Table 6. 
ANALYTICAL DATA FOR POLYSAC(ITIARIDE I. 
Moisture, 10-0 
Nitrogen, 5 00.08 
Carbon, 56.9 
Equivalent weig
ht  772 
Hence, uronic anhydride, .i° 22.8 
in water, (degrees )b —26° 
Molecular weight, (Nd x 002 
b 
Sugar composit ion after hydrolysis 
Glucuronic acid. 15 
GalacturofliC acid 8 
Galactose 	 50 
Arabinose 	 15 
S 
Rhaznnose 	 12 
a corrected for moisture content. 
b corrected for moisture and protein content. 
c if all acidity arises from uronic acid. 
and (b), revealed the presence of a major component at Ra1  0-30 
and Rgal  0.27 (a), which corresponds to 6 - 0 - (3 - D - 
- galactopyranosyl - D - galactose. Also detected was a component 
at R 	0.70 (b) corresponding to 3 - 0 - rJ— D - galactopyranosyl - gal 
- L - arabinose. 
Polysaccharide I (530 mg) was methylated to give a product 
034 mg; yield = 72.4) (found: o&1 D —1.8°; OMe = 33). A 
portion of the product was methanolysed and the mixture of methyl 
glycosides examined by g.l.c. The methanolysate was then hydrolysed 
(iN) and the resulting syrup examined by paper chromatography in 
solvents (d) and (e). The 0 - methyl sugars identified are shown 
in Table 7. The major components are 2,3,6 - tn - 0 - methyl - 
- D - galactose and 2,3,4,6 - tetra - 0 - methyl - D - galactose. 
A large amount of 2,3 - di - 0 - methyl - D —galactose was also 
detected. Paper chromatography in solvent (a) also showed the presence 
of 2 - 0 - methyl - D - galactose in addition to the methyl glycosides 
identified by g.l.c. 
111.13. 	PREPARATION AND IDTI1ICATI0N OF POLYSACCHARIDE H. 
Preliminary, small scale experiments indicated that a 0.125M 
sodium metaperiodate solution and an oxidation time of 76 hours 
were required for polysaccharide I. 
Polysaccharide I (io.i g) was dissolved in water (227.2 cm 3 ) 
and sodium metapeniodate solution (0.2511; 227.2 cm3 ) was added. 
Oxidation was carried out for 76 hours after which time 5.0 m moles 
peniodate/gramme polysaccharide had been reduced. and 1.25 in moles 
formic acid/gramme polysaccharide had been released. The solution 
was treated in the same way as in the Smith degradation of C. nigricaris 
45. 
Table -7. 
0 - IHCL SUGARS IDENTIID IN M?EYLAT PGLYSAOCERIDE I. 
Relative retention time R after hydrolysis. 0 - methyl sugars. Rel.urops, 
b 	 - 
j of methyl plycosides. (a) 	(e) 
- 	 0.31  
0.46 0.93 1.02 
0.67,1.01 0.86 0.68 
3•77 0.62 0.22 
0.54 7 0.82 0.93 0.99 
0.90 0.85 0.81 
1.89 0.83 0.77 
1.61 0.83 0.77 
2.64,3.51,4.05 0.77 0.61 
6.7 0.72 0.41 
12.78,15.32 9 16.76 049 0.13 
2.24 7 3.00 - - 
4.65 - - 
9.70 - - 
8.05 - - 
2,3 ,4-tri-O-Me-L-rh 0.3 
,4-di-O-Me-L-rh 9.5 
3 -O-Ne-L-rh 2.9 
2,3 ,5-tri-O-Me-L-ara 7.3 
2,3 ,4-tri-O-Me-L-ara 0.5 
2, 4-di-0-Me.-L-ara 6.6 
2,3,4,6-tetra-O-Me-D-gal 15.9 
2,3 ,6-tri-O-Ne-D-gal 17.6 
2,3 ,4-tri-O-Ne-D-gal 5.9 
2,3-di-O-Me-D-gal 16.1 
2,3 ,4-tri-O-Me-D-gluA 9.7** 
2,3 ,4-tri-O-Me-D-galA 207* 
2 ,3-di-O-Me-D-galA 2.2* 
2 ,3-di-O-Me-D-glu.A 2-2* 
As methyl ester methyl glycoside. 
*** Only very approximate due to incomplete resolution of the majority 
of the components. 
46. 
gum itself. Polysaccharide II was obtained as the freeze dried 
product (0.6 ; yield = 6). 
Polysaccharide II was found to have 	D = _
370• 
Hydrolysis  
with sulphuric acid (2N), followed by chromatography in solvents 
(a) and (c) showed the presence of galactose, arabinose and rhamnose. 
No uronic acid was detected. The ratio of galactose : arabinose : 
rhamnose was 10 : 1 : 4. 
Polysaccharide II was rnethylated, methanolysed and the mixture 
of methyl—glycosides foxed examined by g.l.c. The methanolysate 
was then hydrolysed and the resulting syrup was examined by paper 
chromatography in solvents (d) and (a). The 0 - methyl sugars 
identified are shown in Table 8. The major component is 2,3,4,6 - 
— tetra - 0 - methyl - D - galactose. There are also substantial 
amounts of 2,5,/ - tn - 0 - methyl - L - arabinose, 2,3,5 - 
— tn - 0 - methyl - L - arabinose, 2,4 - di - 0 - methyl - L - 
— arabinose and 3,5 —di - 0 - methyl - L - arabinose. 
Chromatography of the hydrolysed methanolysate in solvent (a) also 
showed the presence of trace amounts of 2 - 0 - methyl - D - galactose 
and unrnethylated rhamriose. 
111.14. 	PROTON MAGNETIC R0NANCE SPTRA OF C. NIGRICAi'S 
AND ITS DEGRADATION' PRODUCTS. 
Proton magnetic resonance spectra were run on solutions in 
deuterium oxide of Cornbretum nignicans gum, degraded gum A, and 
polysaccharide I and II. The spectra obtained were complex; the 
lines in the s;ecra were broad. The spectra obtained are given 
in Figures II to V. All of the spectra contain complex raultiplets 
in the region 3.8 - 4.6 ppm, which are caused by the resonances of 
47. 
? able 8 
C) - NETFYL SUGARS IDTIFID IN M?I'HYLATD POLYSACCHARIDE II. 
dative rtention time 	R after uyirnlysis. 0 - methyl sugars. 	Rel.nrops. 
T 	of methyl rlycosides. 
- 0.31 - 2-0-Me-D-gal - 
0.45 0.95 1.02 2,30-di-0-Ne-L-rh 4• 
0•68 9 1.01 0.86 0.68 3,4-di-0-Ne-L--rh 8.4 
0.59,0.79 0.95 0.99 2 ,3,5-tri-0-Ile-L-ara 10.6 
0.89 0.85 0.81 2,3,4-tri-O-Me-L.-a.ra 9.9 
1.90 0.83 0.77 2,4-di-0-Me-L.-ara 28.1 
1.68 0.83 0.77 2,3,4,6-tetra-0-Ne-D-ga1 31.7 
2.81 9 3.32,3.69 0.77 0.71 2,3,6-tri-0-Me-.D-gal 5.3 
6.1 0.72 0.41 2,3,4-tri-O-Ne-D-gal 1.6 
Only very approximate due to incomplete resolution of the 
majority of the components, 
48. 
the ring protons of the sugar units contained in the molecule. 
The peaks in the region 46 - 6.5 ppm are due to the linked 
anomeric protons 12 . Table 9 gives the approximate positions of the 
main anomeric peaks along with the ratios of each peak calculated 
from the area under the peaks. It is impossible, from the information 
obtained, to assign the peaks in the anomeric region, since peaks 
appear in the spectra of the degraded products which do not appear in 
that for the gum itself. These peaks are due to linkages which are 
in the gum itself but are not sufficiently abundant to be detected. 
The peaks at 6.2, 6.1 and 5.9 ppm are probably due to arabinose 
linkages, since the amount of arabinose present in the gum decreases 
in the degradation products. The numbers of anorneric peaks and the 
ratios of the peaks tend to indicate that the gum does not contain 
a repeat unit; if there is a repeat unit it must contain a large 
number of sugar residues. 
The ratio of the area under the peak given by the CH 
3 —
protons  
of rhamnose to that under the peaks due to the anorneric protons 
was calculated to give an estimate of the rhamnose content of the 
degradation products. The results are given in Table 9. The pmr 
spectra show that rhamnose becomes increasingly important as 
Combretum niricans gum is degraded through polysaccharide I. 
until rhammose becomes a major resonance in the spectrum of poly-
-saccharide II. This confirms the importance of rhainnose as a 
structural feature of the gum. 
An acetyl peak was detected in both Combreturn nigricans gum 
and a trace of acetyl was detected in degraded gum A. This confirms 
the presence of acetyl groups in this gum  although it does not 
reveal the situation of these groups. 
FIG-URE LE 
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53. 
Table 9. 
PEAK POSITIONS AND RATIOS PN THE ANONERIC REGION OF ThE SPiTRA 
OF C. NIGRICANS GUN AND ITS DEGRADATION PRODUCTS, 
* 
C. nigricans gum. 	3 	5 	5 	69 18 - 	- 	- 	- 	13 
Degraded gum A. 	- 	- 	- 	33 	11 - 	22 11 22 
	
22 
Polysaccharide I. - - 4 	39 11 	- 21 	- 21 30 
Polysaccharide II. - 	- - - 25 	8 15 	15 15 38 
0 	D. ( Q 	 CS O. J . 
D& Cct* 	- 
- tk- 	c,-,\. o .s.. 4z. r 
54. 
111.15. 	DISCUSSION 
Combretuni nigricans contains galactose (36 %), arabinose 
(46 %), rhaznnose (4 %) and uronic acid (14 %). The uronic acid 
content consisted of glucuronic acid, galacturonic acid, 4 - 0 - 
methyiglucuronic acid and glucurono - 6 1 3 - lactone; with glucuronic 
acid being the major acidic sugar present. 
Hydrolysis with iN sulphuric acid, followed by chromatography 
in solvent (a) indicated the presence of four alciobiuronic acids. 
Three were positively identified by chromatography, methylation 
and mass spectrometry as 6 - Q - (/- D - glucopyranosyluronic 
acid) - D - galactose, 4 - 0 - (ck- D - glucopyranosyluronic acid) - 
- D - galactose and 2 - 0 - (c(- D - galactopyranosyluronic acid) - 
- L - rhainnose. The fourth component was not present in sufficient 
amount to allow its characterisation, but from its R gal value and 
the fact that C. nigricans has a small methoxyl content, this 
trace aldobiuronic acid may be 6 - 0 - ( 4 - 0 - methyl - [3 - D - 
- glucuronic acid) - D'- galactose. 
C. nigricans gum was methylated. I'jethanolysis followed by 
g.l.c. examination showed the presence of end group arabinofuranose 
and galactose. End group rhaznnose, arabinopyranose, glucuronic 
acid and galacturonic acid were also present. 2,4 -i - 0 - 
methyl - L - arabinose was present in substantial amounts along 
with smaller amounts of 3,5 - and 2,5 - di - 0 - methyl - L - 
- arabinose. 293 _i - 0 - methyl - 1) - glucuronic and galacturonic 
acids were present indicating intra-chain uronic acid residues linked 
in the 4 - position to galactose, arabinose or rhamnose residues. 
Intra-chain rhainnose residues were also indicated by the presence 
of 3,4 - di - 0 - methyl - L - rhamnose. 2,3 -i - 0 - methyl - 
55. 
- D - galactose and 3 - 0 - methyl - L - rhwnnose were the only 
branch points observed. 
The presence of 2 - 0 - methyl - D - galactose may be due to 
undermethylation or it may indicate galactose linked in the 1-, 
3- 9 4_ and 6-position. This would help to explain the large amounts 
of end group residues detected. 
Hydrolysis of C. nigricans gum with 0'01N sulphuric acid 
for 96 hours on a boiling water bath gave degraded gum A. The 
distilled water dialysate from the preparation of degraded gum A 
was concentrated and examined by chromatography. Large amounts 
of arabinose were detected along with smaller amounts of galactose 
and rhamnose. Two major biose components were detected. These 
were chromatographically identical to 3 -.2 - P - L - arabinopyranosyl-
- L - arabinose and 3 - 0 	- L - arabinofuranosyl - L - arabinose. 
Degraded gum A contained galactose as the major component, along 
with smaller amounts of arabinose and rhamnose, in addition to a 
large amount of uronicacid, which is expected, since 001N hydrolysis 
does not break uronosyl linkages. Partial acid hydrolysis showed 
6 - 0 - j2 - D - galactopyranosyl - D - galactose to be the major 
biose present, a fact confirmed by the presence of large amounts of 
2,3,4 - tn - 0 - methyl - D - galactose in the methanolysate of 
degraded gum A. The methanolysate also showed substantial amounts 
of end group arabinofuranose and galactose. Large. amounts of branch 
points were present in the gum in the form of galactose linked in 
the 1-., 4- and 6-position, as indicated by the presence of large 
amounts of 2,3 - di - 0 - methyl - D - galactose. 3 - 0 - methyl - 
- L - rhainnose was also detected. End group galacturonic and glucuronic 
acids were present along with intra-chain residues of both acids. 
56. 
Intra-chain arabinose and rhainnose were both detected. 
Degraded gum A was Smith-degraded to give degraded guru B. 
Degradation was extensive and only a very small yield of degraded 
gum B was obtained. This was expected since the large number of 
1,6 - linked galactose residues in degraded gum A are periodate-
vuerable. Degraded gum B contained a large amount of rharunose 
along with smaller amounts of galactose and arabinose. Methylation 
of degraded gum B, followed by g.l.c. examination of the rnethanolsate, 
revealed substantial amounts of end group rhamnose and galactose. 
3 - .g - Jetbyl - rharunose was the only branch point detected. 
A substantial amount of 3,5 - di - 0 - methyl - L - arabinose 
was present, indicating 1 9 2 - linked chains of arabinose, which 
would be periodate-resistant. 3,4 -.i - 0 - methyl - L - rhainnose 
was the major intra-chain residue. 
C. nigricans gum was Smith-degraded to give polysaccharide I. 
Polysaccharide I contained a large amount of galactose along with 
smaller amounts of arabinose and rhamnose. The uronic acid content 
(22.8 %) indicates that a large amount of the acid in the gum is 
intn,-chain. Polysaccharide I contained the same aldobiuronic acids 
as the gum itself. 
Methylation of polysaccharide I showed large amounts of end 
group galactose along with smaller amounts of end group arabinose, 
rhaxnnose, glucuronic acid and galacturonic acid. A substantial 
amount of intra-chain rhaxnnose was present. 2 9 4 -Ii - " 0 - methyl - 
- L - arabinose was the only intra-chain arabinose residue detected. 
A small amount of intra-chain galacturonic and glucuronic acid was 
also detected. Branch points were provided by 3 - .2 - methyl - 
- L - rhainnose and 2,3 - di - 0 - methyl - D - galactose. 
57. 
A Smith-degradation of polysaceharide I gave polysaccharide II. 
Polysaccharide II contained galactose and rhaznnose in large amounts 
along with smaller amounts of arabinose. No uronic acid was present. 
Polysaccharide II was methylated, and g.l.c. examination of the 
methanolysate showed large amounts of end group galactose and 
arabinose, along with smaller amounts of end group rhaznnose. No 
branch points were detected although these must have been present, 
as is indicated by the large amounts of end group residues present. 
Undermethylation is indicated by the presence of xhaznnose in the 
methanolysate. 
It is impossible to postulate a definite structure from the 
information given above. However, several structural features have 
been revealed: 
C. nigricans gum has a 1,6 - linked galactose backbone with 1 9 4 - 
- linked chains also present. This may be seen from comparison 
of the methanolysates given in Table 10. 2,3,4 -tn - 0 - 
- methyl - D - galactose increases from the gum itself to 
degraded gum A since the 1,6 - link is stable to mild acid 
hydrolysis. However, the amount of this methyl glycoside 
decreases during successive Smith-degradations since 1,6 - 
k. 
- linked galactose is vuierable to attack by periodate. 
Most of the uronic acid is intra-chain, being the second 
residue from the end of the molecule. The end groups, which 
may be galactose, arabinose or rhainnoae, are attached to the 
4 - position of the uronic acid. Galacturonic acid is linked 
1 9 2 - to rhamnose, whereas glucuronic acid is linked 1,6 - or 
194 - to galactose. (Figure VI). The rhamnose may be linked to 
something other than galacturonic acid, since there is 3 - - 
- 	 - 
56. 
Table 10. 
ME2HYL GLYCOSIDES FOUND IN THE I IWOLYSATE OF THE DiRADATION 
PRODUCTS OF C. NIGRICAS GUM. 
Methyl glycoside C.N A B I II 
2,3,4-tri-0--Ne-L--rh 2.6 0.2 6.2 0.8 4.3 
2,3,5-tri-0-Me-L-ara 12.0 8.9 17.4 7.3 10.6 
- end group 
2,3,4-tri-O-Me-L-ara 2.0 - 7.7 0.5 9.9 
2,3,4,6-tetra-.0-14e-D--gal 18.7 9.6 4.7 15.9 31.7 
3,4-di-O-Me.-L-rh 8.0 3.2 14.8 9.5 8.41 
3,5-di-O-Me-L--ara 2.5 0.9 11.0 - - 
2,5_di-1-le_-ara 2.1 0•7 - - - 
- jntra-chain 
2,4-di-0-Me-L.-ara 17.9 1.7 5.6 6.6 28•1 
2,3,6-tri-0--TIe-D-gal 8.2 8.8 23.2 17.6 5.3 
2,3,4-tri-O-Me-D-gal 2.9 23.6 - 5.9 1.6 
-0-1e-L-rh 2.9 4.6 4.9 2.9 -T 
- i- branch point 
20-di-O--Me-D-gal 9.4 16.6 - 16.1 .-..J 
2,3,4-tri-Q-Me-D--gluA 9.6 8.0 - 9.7 - 
end group 
2,3,4_tri-O-Me-D--galA 2.0 3.5 - 2.7 - J 
2,3-di-0-1 , e-D-g1uA 1.0 0.8 - 2.2 - 
- intra-chain 
2,3-di--Me-D-galA 2.3 8.7 - 2.2 
- J 
59. 
The amount of rhaxnnose present increases in the degradation 
products of the gum. This is confirmed trj their p.rn.r. 
spectra. The rhaimiose appears to be present in fairly long 
chains and also provides branch points in the molecule. 
Most of the arabinose exists on the periphery of the gum, 
although some persists in the degradation products. Long 
chains of 1,3 - linked arabinose are indicated by the 
presence of substantial amounts of 2,4 - di - - methyl - 
- L - arabinose. These chains could be joined to the galactose 
chain through position 4 or 6 of galactose. 
UAyt 
This confirms that the structure of C. nigricanss complex, 
as was discovered in the case of C. erythropbyllum, C, hartmanianurn 
and C. leonense. All of these gums: have a backbone of 1,6 - linked 
galactose residues. Branch points of 1,4,6 - linked galactose 
residues are present as are 1,4 - linked chains. 
C. nigricans, C,, erythrophyllum and C. leonense contain the 
same aldobiuronic acids, namely 6 - 0 - (3_ D - glucopyranosyl-
-uronic acid) - D - galactose and 2 - 0 - (ck. - D -galactopyranosyl-
-uronic acid) - L - rhamnose. 6 - U - (4 - 0 - methyl 
- glucopyranosyluronic acid) - I) - galactose is also possibly 
present in the three gums. C, nigricans also contains 4 - 0 - 
- (c(- D - glucopyranosyluronic acid) - D — galactose. In these 
gums the majority of the uronic acid is intra-chain. C. hartmanianum 
does not contain galacturonic acid linked to rhamnose, but contains 
instead galacturonic acid linked to mannose. In this case all of 
the uronic acid is end group. 




galactose 6 4 	1 glucuronic acid 4 4—X 
--------galactose 4 4 	1 glucuronic acid 44—X 
- -rhaose 24 	1 galxronic acid 4f—X 
Table 11. 
CLASSIFICATION OF COMBRE1JN SAMPLES ST1JDI1D ON 









C. apiculatum 	 C. hartmanianuni 
C. collinurn 	 C, obovatum 
C, fragrans 
C. glutinosum 





structurally significant, whereas in C. hartmanianum all rhamnose 
residues are terminal. 
All four gums contain large amounts of peripheral arabino-
-furanose residues. In C. erythrophylluin and in C. nigricans 
a large amount of the arabinose residues are in the furanose 
form; while in C. leonense and C. hartmanianum most are in the 
pyranose form. C. leonense, C, nigricans and C. hartmanianurn 
have 1,3 - linked arabinose side chains, while C. eIrthropyllumr. 
has 1,5 - linked arabinose side chains. 
• 	Nanriose was not detected in any of the degradation products 
of C. nigricans as it was in C. erythrophyllurn. 
The Combretuin samples studied by Philip Be11 3 were placed in 
two groups on the basis of their chemical analysis (Table 11). 
The structural features of the two gums in group IA have now 
been studied and found to be similar. The structure of C. glutinosum 
(syn. C. leonense) has been superficially studied, and it would 
be of interest if futuxworkers repeated more thoroughly the 
work on this gum or another gum from this sub—group. Structural 
c 
aspects of C. hartmanianuth?ave  been studied, and have shown 
this gum to be different from the gums in group 1. Studies on 
another gum in this group will serve to confirm this division 
on the basis of structural features. 
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IVA. 	CARBOHYDRATE ME'thYLATION. 
IVA.1. 	INTRODUCTION. 
Nethylation of polysaccharides, and the analysis of the 
exhaustively methylated polysaccharide, are important techniques 
in the elucidation of Polysaccharide structure. Several methods 
have been developed in an attempt to ach&.ve complete etherification 
of all the free hydroxyl groups in a polysaccharide. All of these 
methods are based on a'modified Williamson's synthesis, in which a 
strong base is used to form the alkoxide ion, usually in the form 
of its sodium alkoxide. The alkoxide ion is then allowed to react 
with a methylating agent; methyl iodide or dimethyl sulphate are 
the most commonly used. 
The most widely used method of methylation is the Haworth 
method 1 ' 2 . The polysaccharide is dissolved in water, sodium 
hydroxide solution (usually 30-40 % w/v) is used as the base, and 
dimethyl sulphate as the methylating agent. 3-6  The solvent may be 
varied if the polysaccharide has a limited solubility in water7 . 
An analogous method 2  using solid sodium hydroxide and anhydrous 
solvents, such as dimethyl sulphoxide 8 ' 9 or tetrahydrofuran610 
has been developed. A method involving the replacement of the 
hydrogen atoms of the hydroxyl groups by thallium was introduced 
by Menzies112. In this case the thallium complex, prepared by 
addition of thallium oxide to a solution of the gum, is isolated 
and dried before reaction with methyl iodide 612. 
These methods do not generally give complete methylation, 
and the method of Purdie and Irvine 13 is used to complete the 
metbylation of partially methylated polysaccharides26. These 
must be soluble in either methyl iodide or a mixture of methyl 
64. 
iodide and methanol. Freshly precipitated silver oxide is added 
as a base to neutralise the liberated hydroiodic acid. The reaction 
is carried out in the dark to minimise any oxidation which could 
result from the presence of the silver oxide. This method was 
improved by Kuhn 14, who carried out the reaction in the polar 
solvent N,N - dimethylforrnamide. There have been several attempts 
to improve this technique, using barium oxide and barium hydroxide 
instead of silver oxide, thus avoiding degradation by oxidation 157 . 
The most recent method 
18
uses aluminium hydroxide in the place of 
silver oxide. However, as yet, this method has only been applied 
to a monosaccharide, a biose and an aldobiuronic acid. The solvent 
used may be varied to suit the solubility of the polysaccharide; 
dimethyl suiphoxide and mixtures of dimethylsulphoxide and dimethyl-
-formamide having been used.1516  Dimethyl sulphate may be used as 
methylating agent in the place of methyl lodide16. 
Completely methylated polysaccharides may be prepared by 
methylation in liquid ammonia as solvent medium 
19,2 
 Sodium or 
potassium metal is added to form the alkoxide and methyl iodide is 
20 used as the methylating agent • This method has been applied 
mainly to starch and cellulose 21 ' 22 , and is not widely used, 
probably because the procedure is complicated. The sodium amide 
formed in this reaction causes some depolymerjsatjofl26,  but this 
can be reduced by keeping the excess sodium as low as possible, 
and by reducing the time that the polysaccharide is in contact 
22,23 
with the reagents 
The method of methylating alcohols with diazomethane 24 
has been applied to the methylation of carbohydrates 2 . This 
method has been used mainly in the synthesis of methyl sugars, 
65. 
its usefulness arising from the fact that base-labile blocking 
groups do not migrate in this acidic reaction medium 253 , This 
reagent is unpleasant to use, however, and it may be replaced by 
the Purdie technique, since recent work has developed a new blocking 
group, to be used in synthetic work, which does not migrate under 
the conditions of this reaction 34 , Diazomethane may be used in the 
methylatiori of poly-uronic acids, where esterification is required 
rather than etherificat"ion34 . Polysaccharides are only incompletely 
and randomly methylated by this method, 35-37  and it has found little 
application in this field. 
A method which has found wide application in both the 
synthetic 38 and the structural field35 ' 40 is that devised by 
Hakomori, which employs the methylsulphiriylcarbanion as the strong 
base 42 ' 3 . This is formed by reaction of powdered sodium hydride 
with excess dry dimethylsuiphoxide. Methyl iodide is used as 
the methylating agent. It is possible to achieve high methorl 
contents in one step using this method 5 ' 44 . This reaction is 
limited in that only anhydrous, unreactive solvents can be used. 
Thus the polysaccharide must be soluble in such solvents as 
N,N - dimethylformainide, N - methyl - 2 - pyrrolidone , tetrahydro-
-furan and dimethylsulphoxide 45 . The possibility of degradation 
in this highly basic reaction medium cannot be ruled out 5 , and has 
actually been found to occur in some poiysaccharides. 46  
Recently a methylation technique using methyltrifluoro-
methansuiphonate as methylating agent, with a strong base such as 
2,6 - di - tert - butylpyridine present to neutralise the liberated 
acid, has been introduced. 47-49  The high reactivity of this methyl- 
-ating agent limits the choice of solvent. Thus this method is not 
66. 
applicable to polysaccharides which are not soluble in organic 
solvents such as dichioromethane. However, polysaccharides with 
lipophilic groups may be methylated, and this method will be useful 
for the methylation of carbohydrates containing both base-labile 
and acid-labile groups. 47 
In the following section Cornbretum nigricans is methylated 
by i) The Haworth method, ii) the Hakoniori method and iii) using 
sodium hydroxide, dimethylsuiphoxide and dimethyl sulphate. 
Nethanolysis products are examined by g.l.c. and yields, specific 
rotations and methol contents obtained after one treatment, are 
compared. 




The gum (2.4 g) was dissolved in water (50  cm3 ). The 
solution was placed in a parallel three-necked flask. Nitrogen 
was introduced throu6 a rubber septum in one neck. A condenser 
was fitted in the middle neck and the remaining neck was stoppered, 
allowing reagents to be added through this neck. The solution was 
stirred throughout using a magnetic stirring bar, and the whole 
flask was cooled in an ice bath. Sodium hydroxide solution (30 % w/v) 
(56.8 cm3 ) and dimethyl sulphate (40.7 CM3 )osreadded and the 
mixture stirred for 24 hours. The mixture was then neutralised by 
the addition of sodium hydroxide solution and was dialysed against 
running tap water for 24 hours. The dialysed solution was returned 
to the flask. Sodium hydroxide solution (92.2 cm 3 ) and dixnethyl 
sulphate (66.1 cm3 )em added and the mixture stirred for 24 hours. 
The solution was then neutralised with sodium hydroxide, dialysed 
67. 
for 4 days and freeze dried (yield = 1.68 g; 70 
Hakomori Nethylation. 44 
The gum (1 g ) was dissolved in freshly distilled dimethyl-
-suiphoxide (lao cm3 ) in a parallel three-necked flask. Nitrogen 
was passed through a rubber septum in one neck. A condenser was 
fitted in the middle neck. Through the other neck sodium hydride 
(2 g) was added in small portions with gentle stirring during 1 
hour. Methyl iodide (10 cm3 ) was added dropwise with stirring 
over 2 hours. The solution was stirred overnight and one drop 
gave a neutral reaction when added to water. A further three 
additions of sodium hydride (i g) and methyl iodide (5 cm3 ) were 
made to the reaction mixture on successive days. The mixture 
was then dialysed for three days against running tap water, and 
was freeze dried (yield = 0.8 g; 80 %). 
Methylation with sodium hydroxide/dimethylsulphoxide/dimethyl 
sulphate 17  
The gum (1 g)was dissolved in dimethylsuiphoxide in a 
parallel three-necked flask. A condenser was placed in the centre 
neck and nitrogen was passed through a rubber septum in a side neck. 
The flask was cooled in ice. Sodium hydroxide pellets (17.6 g) were 
added. Dimethyl sulphate (42.2 cm 3 ) was added over j hour. The 
mixture was stirred for 24 hours, Water was added to dissolve any 
remaining sodium hydroxide. The flask was cooled and the mixture 
was neutralised with concentrated sulphuric acid. The solution was 
dialysed against running tap water for four days and was freeze 
dried (yield = 0.6 g; 60 %). 
MCM 
Wein 
The three methylated products thus obtained were th ite 
solids, soluble in both chloroform and water. The specific rotation 
of each product was determined. The percentage content of methol 
in each product was determined, and the methanolysates were examined 
by g.l.c. 
IV A.3. 	RFULTS AD DISCUSSION. 
Yields, specific rotations and percentage methorl contents 
are given in Table 1. The methanolysis products of the three 
samples are given in Table 2. The ratios given are approximate 
since methylation is incomplete, however they allow some comparison 
to be drawn between samples. The yield from the Hakomori method is 
higher than the yield from the other two methods. This is in 
agreement with the results, from a similar study on the hernicelluloses 
of Cynoden plectostachyriS and Setaria sphacelata 50 . However in 
this case the yield from the Haworth rnethylation is still quite high, 
as compared to a very low yield obtained from the use of the Haworth 
reagents in the previous study. The Haworth procedure gave the 
highest methorl content. The yield from the dimethylsulphoxide/ 
sodium hydroxide/dimeth'l sulphate system is low and the specific 
rotation obtained for this methylated- sample differs considerably 
from that found for the other two samples. This method of methyl-. 
-ation is less suitable in this case than the other two methods. 
The g.l.c. traces obtained for the methanolysates of the 
samples are similar. However, the samples obtained from the 
Hakomori method showed no trace of end group rhamnose. Methylation 
of each sample was completed by the Purdie technique, and this 
confirmed the absence of end group rhamnose in the sample metbylated. 
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by the Hakomori method. The amount of galacturonic acid present in 
this sample was also reduced. The previous structural study on 
Combretum nigricans has shown that end group rhaznnose residues are 
1,4—linked to galacturonic acid. These losses can be explained 
in terms of a 3— elimination at C-4 of the galacturonic acid 5 . 
Similar losses of rhamnose and glucuronic acid were found in the 
case of Acacia senegal gum in a previous examination of the Hakomori 
method of methyiation 6 . 
Thus, in the case of Combretum nigricans the Hakomori method 
of methylation causes degradation which obscures a structural 
feature of the gum. In this case the Haworth method is the preferred 
method of methylation. It would appear that to obtain reliable 
results in a structural investigation, several methods of methylation 
should be attempted on a polysaccharide sample. 
Table 1. 
ANALYTICAL DATA FOR THE PARTIALLY MPIIYLATD PRODUCTS. 
Product 
Yield, % 73 82 64 
Methoxyl, 5 35 30 29 
Specific rotaiofl,Co(.JD (degrees) 	—51 -53 -.44 
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Table 2. 
1II11HYL GLYCOSIDE C0NTAI1D IN THE Mii'HYLATD PRODUCTS 
Product 















* as methyl ester methyl glycoside. 
t trace. 
2•2 4.4 
9.8 10.0 9.9 
2.4 3.4 2.4 
14.5 17.8 18.8 
002 0.6 0.5 
1.3 008 -1.3 
1.3 0.3 1.3 
22.3 18.5 17.9 
22'2 11.7 11.5 
6.0 13.9 8.7 
3.2 8.7 6.5 
11.0 13.8 13.7 
1.2 0.3 1-0 
2.3 t 1.9 
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IV.B. 	INVTIGATION INTO THE EXTT OF D1GRADATION OCCURING 
DURING UTE HAWORTH MP1-iYLATION. 
IV.B. 1 • 	INTRODUCTION. 
Although the Haworth methylation technique is one of the 
most widely used in structural polysaccharide chemistry, little 
attention has been paid to the possibility of degradation during 
this reaction. The low yields often obtained by this method tend 
to indicate that some degradation does take place 
50. An early 
paper by Haworth and co—workers reports that a progressive diminution 
of particle size occurs when cellulose is repeatedly methylated with 
dimetbyl sulphate and sodium hydroxide. 
51 The cellulose was not 
completely degraded, but tended towards a minimum molecular weight. 
Alkaline degradation of polysaccharides is known to take place, even 
in the absence of oxygen, and can be used in the determination of 
structures of carbohydrates 52 . However, this is generally a slow 
process and in a well conducted Haworth metbylation, the pH of the 
reaction mixture is maintained as close to neutral as possible. 
In the following section the Haworth inethylation of Combreturn 
nigricanS gum and Acacia seyal gum is examined by removing samples of 
the reactants at intervals during the methylation. The partially 
methylated products are isolated from these samples and are examined 
for signs of degradation by comparing their analytical data with that 
for the orig.naI gum. 
IV. B. 2 • 	11EflYrIYLATIONS. 
Haworth metbylátion of Combreturn nigricans gum. 
The gum (30 g) was dissolved in water (900 cm 3 ) and sodium 
hydroxide solution (100 cm 3; 30 % w/v) was added to aid dissolution. 
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The solution was filtered. The methylation was carried out on a 
portion of the above solution (600 cm 
3 ). The methylation was 
carried out in an atmosphere of nitrogen at room temperature. 
Dimethyl sulphate (23 cm3 ) and sodium hydroxide solution (25 cm 3 ; 
30 % w/v) were added dropwise with stirring over a period of 3 hours. 
At this stage a sample (approx. 100 cm 3 ; ie. 116 of the orinal 
solution) was removed. This sample was dialysed for four days and 
freeze dried. (Yield = 2.3 g). A further addition of climethyl 
sulphate (17 cm3 ) and sodium hydroxide (17 cm3 ) was made dropwise 
over three hours. At this stage a second sample was removed and 
treated as above. (Yield = 2'5 g). The mixture was allowed to stir 
overnight. A third addition of dimethyl sulphate (20 cm3 ) and 
sodium hydroxide (20 cm 
3) was made dropwise over three hours, and 
a third sample was removed. (Yield = 2.6 g). This procedure was 
repeated three times more, once again after three hours and then 
after three and six hours the following day. Six samples of gum at 
different stages of methylation were obtained. (Total yield = 13.1 g; 
73 %). The products all gave very pale straw coloured solutions in 
water. The solubility of the products in chloroform increased as 
the methylation progressed, with the last product being soluble in 
both water and chloroform. 
Haworth methylation of Acacia seyal gum. 
The gum (20 g) was dissolved in water (650 cm 3 ). The 
solution was filtered and metbylation was carried out in six stages 
at room temperature under an atmosphere of nitrogen. Six samples of 
freeze dried gum at different stages of methylation were obtained as 
described for Combretum nigricans gum. (Yield = 15 g; 75 %). All of 
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the products gave pale straw coloured solutions in water. The 
products showed increasing solubility in chloroform although none 
was completely soluble. 
Analytical parameters for the partially methylated products 
were determined. An attempt was made to identify some of the 
degradation products of the reaction. The 24 hour distilled water 
dialysate of one of the fractions was collected and reduced in 
volume. The residue consisted of a large amount of syrup and a 
white solid which consisted of inorganic salts formed during the 
reaction. The syrup was deionised and was chromatographed in solvent 
(a). Two very large, black, diffuse spots were obtained at R 0.51 
and R  0.73.  These components have not as yet been identified, 
however, the R values correspond to di - 0 - methyl - D - galactose 
and tn - 0 - methyl - D - galactose. The size and colour of the 
spots formed, and the amount of syrup obtained, indicate that 
degradation did occur during the Haworth methylation procedure. 
IV.B.3. 	R1ULTS AND DISCUSSION. 
Analytical data for the partially methylated samples from 
Combretum nignicans and Acacia seyal are given in Tables 3 and  4 
respectively. Both in the case of Combretuni nigricans and Acacia 
seyal, a fairly high degree of methylation is obtained by the 
Haworth technique. In both cases the rotation becomes more negative 
( or less positive) as the degree of methylation increases. In the 
case of Combretum nigricans, viscosity and molecular weight decrease 
substantially throughout the reaction. This indicates that a fair 
amount of degradation is taking place since a methylated gum would 
74. 
be expected to be more viscous than the orig L rial gum. In the 
case of Acacia seyal, degradation is indicated by the decrease in 
molecular weight, although the viscosity does increase initially 
and then decreases back to the value of the gum itself. Degradation 
is slower in the case of the Acacia gum than in the case of the 
Combretum gum, where the molecular weight decreases to 50 of its 
origLrai value after only one addition of reagents. 
The degradation indicated by these results implies that no 
quan.titative results could be obtained from these methylations. 
Examination of the inethanolysates of completely methylated gums, 
using this method, could show the type of backbone present, the 
presence of branching points and give some indication of the linkages 
present, but no accurate quantitative estimate of the linkages 
present could be made. More work is required in this field to decide 
if the degradation is caused by alkaline hydrolysis, acid hydrolysis 
or some other degradative mechanism. It is also necessary to 
discover if the polysaccharide is fragmented, or if the degradation 
follows a "peeling " process, in which the outer branches are 
degraded, but the backbone of the polysaccharide remains intact. 
In the previous Haworth methylation of Combretum nigricans 
gum (Section Iv.A,), the sugar ratios in the methylated gum were 
found to be; uronic acid:galactose:arabinose:rhaznnose; 1 5:40:3 1 :14 
as compared to 17:41:38:4. The similarity of the ratios tends to 
indicate fragmentation at regular intervals along the backbone of 
of the gum. Some loss of arabinose and uronic acid is also indicated. 
This could point to a certain amount of'peelin of end group arabinose 
and uronic acid. The rhamnose units appear to be resistant to the 
degradation. Thus it appears that the basic structure of the 
75. 
molecule remains intact with labile linkages at intervals along the 
backbone being broken. 
Table 5, 
ANALYTICAL DATA* FOR PARTIALLY METHYLATED  
SAKSLES OF CONBRUN NIGRICANS. 
Ash, % 
Nitrogen, % 
141 D in water, (degrees) 
Nethojl content, % 
Intrinsic viscosity, V, ml/gm 
Molecular weight, (IvW x 105 ) 
Carbon, % 
! 
2.6 1.8 2.5 2.2 1.4 3.4 4.5 
0.10 0.03 0 0 0 0 0 
-45 -53 -54 -.61 -63 -64 -65 
0.54 7.6 14.0  22.0 29.0  32.0 38.5 
54 45 43 36 20 11 8 
9.6 2.9 2.8 2.6 2.2 1.7 1.6 
44 44 45 47 48 49 54 
* all on a dry weight basis. 
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Table 4. 
ANALYTICAL DATA* FOR PARIIALLY N1 1HYLATiID 
SAMPLES OF ACACIA SETfAL. 
2.2 5.2 6.7 1.5 1.3 2.1 1.4 
0.07 0 0 0 0 0 0 
1.5 12.1 20.4 23.4 36.2 38.8 39s0 
+57 +49 +48 +46 +45 +44 +42 
12.7 14.3 14.7 14.3 13.2 11.1 11.0 
9.4 6.6 6.7 6.2 6.2 6.0 5.9 
40.0 44•0 48.0 49.0 50.0 50.0 50.0 
Ash, 
Nitrogen, % 
Nethol content, % 
in water, (degrees) 
Intrinsic viscosity,, mi/gm 
Molecular weight, (iw x io) 
Carbon, % 
* all data on a dry weight basis. 
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SICTION V 
LIGHT SCATTERING ON SOME MOLECULAR WEIGHT FRACTIONS 
OF COMBRUN NIGRICS GUll. 
Vi. 	INTRODUCTION. 
There have been few studies made on the molecular size and 
shape of gum exudate solutions. Light scattering results have 
been used to estimate the weight average molecular weight of gum 
1,2 	 3 arabic and. to yield the radius of rration of the molecules in 
solution. A study has been made of the light scattering behaviour 
of the acid polysaccharides from Lannea grandis, 4 to yield the 
weight and number average molecular weights, radii of gyration and 
a measure of the polydispersity of the sample. A study made on the 
fractionation of Acacia senegal gum, 5 showed this gum to have a 
broad molecular weight distribution. Light scattering studies on 
fractions of this gum were subsequently carried out  to yield the 
molecular weights of the fractions and some information about 
molecular shape. It was decided that a similar study of fractions 
obtained from Combretum nigrica.ns would be of interest. 
The theory of light scattering was extended to dilute 
solutions of large molecules initially by Debye 7 . The equation 
used to give the number average molecular weight was: 
2 -r 2 n0 (dn/dc) 2 i- 	. 	_Q 	= 	+ 2BC 
A4N 	 R90 N 
(For an explanation of the symbols used, see the chapter on 
experimental methods.) 
From measurments of Rayleigh's ratio and the specific refractive 
index increment, and plotting KC/R90 against C, the molecular weight 
can be obtained from the reciprocal of the intercept on the ordinate. 
When particles have one dimension greater than 1/20 th of the 
wavelength of the light being used, as is the case for most macro- 
81. 
—molecules, the observed intensity at an angle, 0, must be multiplied 
by a particle scattering factor, reciprocal F 9, to correct for 
internal destructive interference. For spheres: 8 
PO  = D 3/x3 )(Sin x - xCos xj)  
where x = ksD/2 
D = diameter of the sphere. 
k = 211/A' 
,),= waveleng of the light in solution ( ' °/n) 
s = 2Sin 0/2 
For random coils: 9910 
= (2/x2 ) Le_x - 	- X)3 
where x = k 
2 
 s 2 r 2 /6 
r = root mean square end-to-end length. 
For rods: 11 
2x 
P0 = 	5 	sin 	
w - (ln2 
0 
where x=ksW2 
w = the variable over which the integration is made. 
L = root mean square length. 
82. 
The value of P0 can be obtained from the dymmetry, Z, of a molecule. 
Z is calculated as the ratio of R at an angle of 
450  over R at 
1 350 . Values of reciprocal P0 have been calculated as functions of 
the diymmetry and the characteristic dimension 
12 # 13 (Table 1). 
Graphs of these functions may be drawn for each molecular shape. 
(Figures 1 and 2) 
Using this method it is neccessaxy to make some assumptions 
about the shape of the particle before its size can be determined, 
although the corrections to molecular weight do not differ greatly 
until quite high values of diymmetry are obtained. 
In this study the Ziinm method 14  of obtaining the molecular 
weight was used, as outlined in the chapter on experimental methods. 
A full Zimm plot for each fraction was drawn, since this enables an 
estimate of the radius of gyration g r  to be made from the 
experimental results, without having to make assumptions about 
molecular shape. 
Once the molecular weight has been determined it is possible 
to estmate the value of reciprocal P O P since: 
KC/R90 = 1/PIP 90 + 2BC 
Graphs of KC/R90 against C are drawn. The value of the reciprocal 
molecular weight thus obtained is compared with that obtained from 
the Zimm plot to give 1/P 90 . Graphs of i/p against the dimensions 
obtained from the Zimm plot, and of the dissymmetry, Z, against 
1/P 90P 
 are drawn, and are compared with the theoretical plots for 
coils, spheres and rods, to give an indication of the shape of 
the molecule. 
D Rods Monodisperse coils Polydisperse coils 
100 A .1io L2LJ 1/P" 
- 
2.04 1.006 1.006 1.014 1.012 1.012 1.016 
4008 1.032 1.023 1.065 1.045 1.094 1.066 
6.11 1.070 1'050 1.135 1.103 1.200 1.148 
8.15 1.127 1.089 1.257 1.183 1.340 1.263 
10.19 1.210 1.144 1.410 1.290 1.519 1.391 
12.22 1.279 1.207 1.585 1.434 1.715 1.520 
14.26 1.372 1.288 1.790 1.612 1.924 1.76Q 
16.30 1.495 1.377 2.020 1.809 2.151 2.051 
18.34 1.620 1.486 2.283 2.049 2 .360 2.330 
20.38 1.753 1.608 2.534 2.3 20 2.569 2.642 
22.41 1.895 1.744 2.796 2.660 2.778 2.987 
24.45 1.971 1.860 3.060 2.982 2.980 3.365 
26.49 2.058 2.010 3.503 3.413 3.169 3.776 
28.52 2.106 2.193 3.521 3.814 3.354 4.218 
50.56 2.160 2.361 3.745 4.348 3.523 4.695 















DISSY11'I'RY LZJ = R45/R135 AS A FUNCTION OF i 	t 1/p90 
* D = characteristic dimension ie: root mean square end-to-end length 
1 
of a coil ( ) root mean square diameter of a sphere ( ) 
-2 
root meanlength of a rod (L ) 
a 	 5O 	 ,o.o 	 i0 (00 tq 
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When the plot of the angular scattering is curved, this 
indicates that the fraction is polydisperse. By-drawing the 
assymptote to the curve at high values of 8 and extrapolating to 






A measure of the polydispersity is given by M/Mn  This is equal 
to 2 when the system is completely random. 16 
The light scattering method of molecular weight determination 
affords an excellent method of determining the constants Kanda' 
from the Nark—Houwink equation: 17 
1&1 
0'  
Log 10LYlis plotted against log N to give a straight line with 
a slope of'& and an intercept 	 K I.  
In this section four fractions obtained from Combreturn nigricans 
gum are examined to obtain information about their molecular weight, 
size and shape. 
V.2 • 	FRACTIONATION. 
Combretum nigricans gum (31 g) was dissolved in water (640 cm 3). 
The resulting solution was deionised with Amberlkte IR - 120(H) 
resin. One fifth of the solution was removed, neutralised with 
sodium hydroxide solution, dialysed to remove excess alkali and 
freeze dried. This yielded the whole gum in its sodium salt form. 
87. 
(Yield = 3.8 g). 
The remaining gum solution (500 cm3 ) was maintained at 28-
-30°C. Anhydrous sodium sulphate was added in small amounts with 
constant stirring. When precipitation commenced, stirring was 
stopped to allow the precipitate to settle on the bottom of the 
beaker. The upper solution was decanted to leave a whitish-brown 
plastic mass in the beaker. This was redissolved in water, dialysed 
for five days, deionised, neutralised with sodium hydroxide solution, 
dialysed to remove excess alkali, and then freeze dried. Three 
fractions were collected in this way. Eventually the solution 
contained gum which could not be precipitated by sodium sulphate. 
This gave fraction IV. 
Precipitation commenced after 244 g of anhydrous sodium sulphate 
had been added (49 %, w/v). Fraction I (yield = 13.4 g) was brownish 
in colour and gave a straw-coloured solution in water. A further 
48 g of anhydrous sodium sulphate (58 % w/v) was added before fraction 
II (yield = 3.9 g) was obtained. This was white in colour but gave 
a pale straw coloured solution in water. A further 21 g of anhydrous 
sodium sulphate was added to give fraction III (yield = 0.4 g). 
This was white in colour and gave a clear solution in water. 
Fraction IV (yield = 0.1 g) was brown in colour and tended to be 
hygroscopic. It gave a pale straw colour in solution. (Total 
yield of gum recovered = 70 %). 
V.3. 	MASUREiENT OF dn/dc. 
It was only possible to measure the value of dn/dc for Combrctuin 
nigricans gum and fraction I, since fairly concentrated solutions are 
required before differences in refractive index, for dilutions of 
68. 
the original solution, could be detected. The refractive index 
increment for Combretum nigricans gum was found to be 0.108, and 
that for fraction I to be 0.104. Since it has been reported that 
within the Acacia genus the values of dn/dc were almost identical 8 , 
it seems reasonable to assume that the values of dn/dc for fractions 
I - IV will all be similar. Hence the value of dn/dc for each 
fraction was taken to be 0.106. 
SURflT OF 
The measurement of R was carried out as outlined in the 
chapter on experimental methods. Three dilutions were made from 
each original solution to give four lines of constant concentration 
on the Zimin plots. The Zimm plots obtained for three fractions, 
* 
and for Combretum nigricans gum itself, are given in Figures 3 - 6. 
The yield of fraction IV was not sufficient to allow these measure-
-menta to be made. 
U 
MSASUR'UT OF VISCOSITY. 
The viscosity of Combretum nigricans gum and of fractions 
I - III was measured by the isoionio dilution technique. An 
insufficient amount of fraction IV was collected to allow measure-
-ment of its viscosity. 
v.6. 	RLULTS AND DISCUSSION. 
The molecular weights obtained from the Zimrn plots, along 
with the percentages of carbon and nitrogen in each fraction, are 
shown in Table 2. FractioniVis clearly different from fractions 
I - III in terms of its carbon and nitrogen content; low carbon 
1Z ions 	0 
L,)L4 	E'€- cc 	 C 	 or 	i-tt. 
( _k 	o,.t €5 	r o 
. 
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content could result from incomplete dialysis of this fraction, 
so that some sodium sulphate was left associated with the gum. 
This is the only fraction which contains an appreciable amount of 
nitrogen. It is possible that the proteinaceous portion of this 
gum arises from enzymes involved in the formation of the gum, 19 
and that these enzymes are associated with small molecules which 
were in the process of formation. 
In all of the Zimrn plots drawn, the lines of constant 
concentration curved downwards at low angles. This curvature is 
due to polydispersity and to the presence of dust particles not 
removed by filtrationhG. In the Zimin plot of fraction III (Figure 
5), the angular dependence is no longer linear, and the upward 
curvature of the lines of constant angle indicated that the 
interaction constant, B, is negative. A previous study of Gelatin 
aggregates, 20 suggested that this type of behaviour is indicative 
of electrostatic attractions between molecules. 
The values obtained for the ratio M : M  are all approximately 
SC- RLj 
equal to 2. This indicates that there is a 	s°distribution of 
molecular size in each fraction. Thus Combretuni nigricans gum has 
a fairly sharp molecular weight distribution, consisting mainly of 
high molecular weight material, but with some tailing towards lower 
molecular weights. There do not appear to be any discontinuities 
in the molecular weight distribution. Fraction IV is relatively 
unimportant. Fraction III appears to have different properties 
from fractions I and II, although it is possible that this sort of 
behaviour could arise from incomplete neutralisation of acid groups 
in the gum. 
The reconstituted weight average molecular weight is 12.9 x 10, 
94. 
Table 2. 
MOLECULAR WEIGHTS AND % CONTTS OF CARBON AND NITROGEN FOUND FOR 





C. nigricans gum 
M 	N 
	
13.9x 10 	6.1x 10 
6.2 x 10 	2.8 x 105 
3.3 x 10 	1.6 x 10 
9.7 x 10 	4.6 x 10  
J/M 	Carbon% Nitro% 
w 11 
2.30 44.4 0.05 
2.20 42.8 0.05 
2.10 42.2 0.03 
- 25.9 0.45 
2.10 43.2 0•02 
Table 3. 
CHARACTERISTIC DThiSIONS, DISSYMILiT' AND PARTICLE SCATTERING 
FACTORS FOUND FOR FRACTIONS I - III AD C. NIGRICANS GUN. 
(2y (L2J. 
. iL 
Fraction I 	 487 1192 1257 1685 1.25 1.37 
Fraction II 	 421 1029 1086 1 456 1.11 1.31 
Fraction III 	 217 534 559 751 1.03 1.11 
C. nigricans gum 	346 848 894 1200 1.21 1.20 
= radius of gyration. 	D = diameter of a sphere. 
radius of a coil. 	L 	length of a rod. 
95. 
and the reconstituted number average molecular weight is 5.3 x 10. 
Both of these values are higher than the result actually obtained 
by direct measurement of the molecular weight of the gum itself. 
This is probably due to the loss of low molecular weight material 
during fractionation and during the long dialysis periods neccessary 
after the sodium sulphate precipitations. 
The radius of ,rration (r ) Z was calculated for fractions 
I - III from the initial slope, 6 , of the zero concentration line 
(Table 5j. 'ihe dimensions of coils, spheres and rods with the 
same radii of gyration were also calculated (Table 3) using the 
relatLo%ships given in the chapter on experimental methods. Values 
of the particle scattering factor,(1/P 90) were estimated and were 
plotted against experimental values of the dissymmetry (Table 3 
and Figure 7). The experimental curve did not bear any relation to 
the theoretical curves. It is possible that the experimental 
values of dissymmetry are all too low due to increased scatter 
at low angles. Values of the particle scattering factor were 
plotted against the dimension values obtained from the Zimm plots. 
Theoretical curves for different shapes were also drawn. (Figure 8). 
In this case experimental results approximate most closely to a 
rnonodisperse coil, (ie. coiling in one direction only), or a rod. 
A rod shape is unlikely in such a large molecule, especially since 
in a solution of high ionic strength, any stiffening due to electro-
-static forces, should be neutralised by the ions in solution. The 
molecule is most likely to be a coil, slightly stiffened by branching 
along the main chain of the molecule. 
The double logarithmic plot of viscosity against molecular 
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'K'of 5.0 x 10_2  and a value for 'a' of 0.5.  These results are likely 
to be inaccurate since they tend to be bunched tog.ther. The value 
of 'a' obtained tends to indicate that the molecule is not rod - 
-shaped, since for rods this value tends to be 1 or even as high as 
2.21 Fraction III lies slightly above the best straight line in 
this graph, since slight aggregation, resulting from attractive 
electrostatic forces, would raise the value obtained for the viscosity. 
It is possible that the value of 'a ' obtained would have been 
higher in the absence of branching in the molecule , since branching 
decreases the effective volume of the gum, thus giving a slower rise 
in viscosity with molecular weight. 22 
In comparison to the study of Acacia senegal, where the shape 
of the gum molecules could not be distinguished between the poly-
-disperse coil or the spheroidal models, Combretum nigricans appears 
to lie between the monodisperse coil and rod shape, the molecule 
most likely being stiffened by branching. More accurate approximations 
to the shape of molecules in solution may be possible using computor 
non-linear least squares programs, to find an optimum fit of observed 
data, to scattering functions calculated fortrial shapes. This has 
been applied to synthetic polymers and could possibly be extended to 
natural polymers. 23924  
Further work in this field of light scattering would be 
interesting, especially to compare the properties of different poly-




THE LOGARIT11IC RELATIONSHIP BW 	MOLE)JULi WIGHT AND VISCOSITY 
FOR PnACTIONS I - III AND C. NIG1UCANS buN. 
Fraction I 	 54.8 	1.74 	6.14 
Traction II 	 8.1 	1.58 	5.79 
Fraction III 	 34.6 	1.54 	5.52 
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SECTION VI 
THE APPLICATION OF PROTON MAGNETIC RESONANCE 
SPECTROSCOPY TO CARBOHYDRATES. 
1 03. 
VI • 1 • 	INTRODUCTION. 
Proton magnetic resonance spectroscopy is developing into a 
widely used technique for the structural, configurational and 
confoxmatioL analysis of carbohydrates and their derivatives. 1 
The application of p.rn.r. spectroscopy to carbohydrate chemistry 
was initiated by Lemieux in 1958.2  The p.m.r. spectra of trans - 
and cis - 4 - t - butylcyclohexyl alcohols and their acetates were 
used to aid the assignment of peaks in the p.m.r. spectra of acetylated 
aldopyranoses. It was determined that in most cases the signals for 
protons in the axial conformation occur at higher field than the 
signals for protons in the equatorial conformation. This fact is 
reinforced by the fact that the coupling constant between protons 
on adjacent carbon atoms in the trans configuration is 7.5 Hz; while 
the coupling constant for the cis configuration is 3 Hz. 
394  Thus 
p.m.r. parameters provide considerable information about the confor-
-mation of sugars in solution. 5-11  The anomeric proton resonances 
appear at a lower field than the rest of the ring protons and are 
thus easily identified in the spectrum. The relative sizes of the 
peaks due to o— and f- protons may be used to establish conform-
-atiotequilibria of sugars in solution. 
12913  More recently, 
proton relaxation times have been used to evaluate conformations of 
oligosaccharides, since all protons in a sugar ring have different 
relaxation times, and these vary between different conformations) 4 ' 5 
P..m.r. spectroscopy has found a variety of uses in carbohydrate 
chemistry. An important practical use has been to identify reactive 
intermediates in solution kinetics of complex reactions. 
916 
 The 
amount of branching in dextran has been determined by comparing the 
spectra of branched dextrans with those of linear dextrans. In this 
104, 
way the a.nomeric protons on 1,3 - linked branching points were 
detected and the integral of this resonance was compared with that 
of the unbranched 1,6 - links to give an estimate of the amount of 
branching present, 17 This method has also been used to detect 
degradation during the suiphation of dextran. 18 The degree of 
hydrolysis in starch hydrolysates has been determined by comparing 
the signals from linked and free anomeric protons. 
19 
 P.rn.r. has 
been used to check the purity of products of carbohydrate synthesis, 
21 
and also to determine the structures of these products. 
209
The 
degree of methylation of partially methylated monosaccharides has 
been determined by p.m.r. spectroscopy, 
22 
 The structure of partially 
24 methylated monosaccharides may also be determined. 
239
This method 
has also been applied to the identification of partially methylated 
glucoses obtained after permethylation and methanolysis of poly-
-saccharides. 25 
P.mr. spectroscopy is becoming recognised as an important 
tool in the elucidation of polysaccharide structure. It is used 
mainly in the field of bacterial polysaccharides, although it has 
also been applied to the structures of mucopolysaccharides. 228 
Studies on the spectra of simple monosaccharides and oligosaccharides 
have aided the assignment of peaks in the spectra of polysaccnarides. 29 
The p.m.r. spectra of polysaccharides containing only one sugar unit 
may be compared with the spectra of oligosaccharides having known 
structures, to obtain information about the types of linkage 
involved 
30 
Generally the spectra of polysaccharides consist of a complex 
multiplet, due to the ring protons, at 3.5-4.6 ppm. Anomeric protons 
resonate from 4.5-6 ppm. Some substituents such as acetyl, pyravate 
1 05. 
and the CH— group of rhamnose, resonate at frequencies not occupied 
by the ring protons. Thus p.m.r. spectroscopy offers a method of 
detection and identification of these substituents. 31 Most infor-
-mation is gained from the anomeric region. This suggests the 
number of sugar units in the repeat unit of the polysaccharide. 32 
Integration of the anomeric peaks and the substituent peaks gives 
the numbers of substituents contained in each repeat unit of the 
polysaccharide. 33,34 The peaks in the anomeric region are assigned 
by comparison of the spectra of the lower oligosaccharides obtained 
from the polysaccharide, with the spectrum obtained from the 
polysaccharide itself. 35 This method may be used to determine the 
gross structural features of polysaccharides which have similar 
basic structures. It has been applied to fract'orted samples of 
red algae to determine the molar content of the two neutral sugar 
residues, to detect the presence of and determine the molar content 
of a 6 - 0 - methyl - group, to detect the presence of and determine 
the molar content ofa sulphate group, and to detect the presence of 
and determine the content of a pyruvic ketal group. 6 
Pm.r. spectra of carbohydrates are complex and contain broad 
overlapping lines. An increasing number of chemical and physical 
methods is being developed to simplify spectra and to increase 
resolution. 37 Spectra may be simplified by addition of lanthanide 
shift reagents. 38,39 These complex with the oxygen atoms of hydroxyl 
or methoxyl groups and cause resonances to shift. The shift varies 
according to the conformation of the groups being complexed, hence 
this method has been used in conformational studies. 40 Derivatives 
of the carbohydrate may be formed to obtain samples which are 
soluble in solvents which do not interfere with the spectra.41 
106. 
The use of high field magnets, spin decoupling, INDOR spectroscopy 
and Fourier transform spectroscopy have combined to produce spectra 
which yield more information about complex carbohydrate molecules, 16915,42 
although as yet it is still not possible to make detailed assiments 
of the spectra of polysaccharides. This method is extremely useful 
as a non—destructive method of analysis, and may be used in con-
-junction with traditional methods to provide a clearer picture of 
polysaccharide structure. 
It was decided to make a preliminary study of the p.m.r. spectra 
of gum exudates in solution in deuterium oxide, tosertain the 
usefulness of this technique in the determination of the structures 
of complex acidic polysaccharides. Spectra were obtained for five 
Acacia gum exudates of the series Phyllodineae. Analytical and 
structural data are available for these gums; 43 ' 44 it was hoped 
that some correlation with the spectra obtained would be possible. 
Spectra of twelve Combretuni gum exudates were also obtained. 
Analytical parameters for all of these and structural parameters 
for three of them have been obtained. 45-47 
VI. 2. 	RULTS AND DISCUSSION. 
The p.mr. spectra of Acacia falcata, Acacia difformis, 
Acacia retinoides, Acacia rubida and Acacia mabellae are given in 
Figures 1-5. The peaks obtained are broad, however the peaks due 
to the anomeric protons are recognisable and separate from the 
large complex multiplets (4.0 - 4.6 ppm) due to the ring protons 
of the sugar residues. The areas of these peaks were calculated 
to give their approximate ratios. These ratios are given in Table 1 
along with the approximate position of the most abundant peaks. 
107. 
Table 1. 
POSITIONS AND R-MATIVE RATIOS OF THE 	 HIC PitKS OF 
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There are five main resonances at 5.7, 5.5, 5.2, 4.9 and 4.8 ppm. 
These are probably due to the anorneric protons of 1,3 - linked 
galactose, 1,6 - linked galactose, the 1,6 - link between glucuronic 
acid and galactose, branched galactose residues and the anomeric 
protons of the galactose-arabinose link. All of these linkages 
have been detected in these gums. The appeance of a resonance 
in the p.in.r. spectrum depends on their relative abundance in the 
molecule. It is possible that the resonance at 5.9 ppm in the 
spectrum of Acacia rubida gum is due to 1, - linked arabinose, 
most probably in the - configuration, 31 since this is the only 
gum which contains a significant amount of arabinose chains. It 
is impossible to assign the peaks, which may be due to more than 
one type of anomeric proton, without carrying out structural degrad-
-ations on the gums, and using the spectra of the degradation products, 
along with their analytical data, to assign peaks in the full gum 
which do not appear in the degraded gum. One feature common to all 
of the spectra is the complete absence of any significant rhainnose 
peak. This is in agreement with the analytical data for these 
gums, which have been found to contain only very small amounts of 
rhaznnose. 
The p.m.r. spectra of twelve gums from the Combretum genus 
are given in Figures 6-17. The positions of the anomeric peaks 
and their relative ratios are given in Table 2. The main resonances 
are thos.at 5.6 and 5.5 ppm. Most of the spectra featured these 
resonances, with the peak at 5.6 ppm being the most important. 
C. collinum gum is an exception, in that its spectrum features 
neither of these resonances. It is interesting to note that the 
spectra of the two samples of C. obovatum and of C. fragrans gums 
114. 
Table 2. 
POSITIONS AND R:~'LATIVE RATIOS OF Ti ANONIC PiAXS 
OF COMB1iTJ11 GUNXJJDATE3. 
6.2 	6.1 	5.8 	5.6 	5.5 	5.4 	5.1 	4.9 	4.8 	4.7 
C. psid.iodes 	 - - 	 18 23 18 6 	- 35 	- 	 - 
C. obovatum (A) 	- - 	 8 33 - - 	 8 50 	- 	 - 
C. obovatum (B) 	5 - 	 - 67 28 - 	 - - 	 - 	 - 
C, fragrans (A) 	- - 	 - 57 21 14 	- - 	 7 	- 
C. fragrans (B) 	- - 	 - 41 29 - 	 29 - 	 - 	 - 
C. hartrnanianum 	- - 	 20 40 20 - 	 - - 	 - 	 20 
C. apiculatum 	- - 	 - 57 14 - 	 28 - 	 - 	 - 
C. collinum 	 - ,- 	 - - - - 	 44 55 	- 	 - 
C. erythrophyllum 	t t 	- 65 24 - 	 - - 	 11 	- 
C. zeyheri 	 - - 	 - 57 28 - 	 - 14 	- 	 - 
C. rnolle 	 - 8 	8 42 - - 	 - 42 	- 	 - 
C. nigricans 	 3 5 	5 69 18 - 	 - - 	 - 	 - 
115. 
are different; this indicates structural differences between 
different samples of the same gum. However this may be due to 
the fact that in each case the two samples have widely differing 
molecular weights, which may alter the abltdance of certain linkages 
and hence affect the anomeric proton resonances which are detectable. 
Most of the linkages detected in structural studies of Combretum 
gums have had the [3 - configuration. Hence it would appear that 
the resonances for these anomeric protons strhes from 4.7-5.6 ppm 
and not 4.5_5 ppm as has been found in the case of bacterial 
polysaccharides. 31 However positive assignments of peaks can not 
be made at this stage. From the spectra observed it would appear 
that all of these Combreturn gum samples, with the exception of the 
gums from C. obovatum (sample A), C. collinum and C. molle, have 
similar structures, since they all have their most abundant resonances 
at 5.6 and 5.5 ppm. C. obovaturn (sample A) and C.. molle gums are 
similar in that one of the most abundant resonances is at 4•9 ppm 
instead of 5.5 ppm. Ci. collinum gum appears to differ quite widely 
from the rest of these samples. This may be due to the fact that 
this gum consists mainly of uronic acid and galactose, which limits 
the number of possible linkages. 
The spectra of most of the Combretum gum samples showed 
significant resonances at approximately 1.7 ppm, due to the CR 3-
-protons of rhamnose, and at 2.5 ppm, due to the CH 3— protons of an 
acetyl group. The ratioof the areas of these peaks to the areas of 
the anomeric protons 	calculated, to determine the percentage 
content of acetyl and rharnnose in the gums. The values thus obtained 
were compared with those obtained by traditioAok methods of analysis 
(Table 3). 48,49 The values obtained for acetyl content gave quite 
116. 
Table 3. 
RHAIVUWSE AND ACi12YL CONTENTS OF GUNS OF THE CUIJ3iUN GENUS 
OBTAINEfl) BY P.M.R. AND (TRADITIONAL ITHODS). 
Rharnnoe (%) Acetyl (%) 
C. pidiodos 23 (16) 6.0 (7.0) 
C. obovatuin  17 (10) 43 (4.4) 
C. obovatum  19 ( 9) 0.9 (1.7) 
C. fragrans (A) 23 (14) 3.4 (2.5) 
C. fragraris (B) 43 (15) 15 (4.4) 
C. hartrnanianum 7 ( 4) - (0.4) 
C. apiculatum 28 (17) 5.5 (3.0) 
C. collinum , 	 55 (13) - (0.5) 
C, erjthrophyllurn 11 (16) 0'7 (1.7) 
C. zeyheri 14 (13) 2.8 (3.0) 
C. molle 25 (16) 8.1 (5.6) 
C. nigricans 13 (15) 1.5 (2.5) 
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good agreement, except in the case of C. fragrans gum (sample B). 
However it is possible that peaks in the anornoric region of the 
spectrum of this sample are obscured by the complex multiplet due 
to ring protons. This is supported by the fact that the rharnnose 
content of this gum is much higher when calculated from the p.m.r. 
spectrum than when calculated by traditional methods. This is also 
the case for C. collinum gum. The fact that this gum has only two 
anomeric resonances tends to suggest that some are being obscured 
by the complex mu.ltiplet or by their low abundance. Generally the 
rhamnose content calculated by this method is higher than that 
calculated by traditional methods. The p.m.r. results suggest that 
the accuracy of the traditional methods of detecting acetyl and 
rhamnose contents should be checked. It does not appear that p.rn.r. 
spectroscopy is a very sensitive method for the detection of small 
amounts of substituents, as could be seen in the case of the spectra 
of the Acacia gum samples inspected, where no rharnnose was detected, 
although small rhamnose contents were indicated by the traditional 
method of detection. The acetyl contents of 0.4 % and 0• % found 
in C. hartmanianurn and C. collinuni gums by traditional methods of 
detection, are more likely to be accurate than the zero acetyl 
content indicated by p.rn.r. It is possible to detect the presence 
of significant amounts of rhamriose and acetyl in gums by this 
method, and to obtain some idea of their importance as structural 
features of the gum, but when a quantitative value for their 
percentage content is required, the traditional methods must be 
taken as being more reliable at present. 
P.m.r. spectroscopy has been used to determine the number 
of monosaccharide units in the repeating unit of bacterial poly- 
118. 
—saccharides, the configuration of these anomeric centres and the 
proportion of substituent groups. 31  It does not appear that its 
application to gum exudates will be as useful. These polysaccharides 
do not appear to have a simple repeat unit, hence it is difficult 
to assign peaks in the anomeric region. However the spectra can 
be used to give an indication of the amounts of substituents 
present. This could also provide a rapid, non—destructive method 
of comparing gum samples to give an indication of their structural 
similarity. 
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